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MODEL 237 CRANKCASE PRESSURE 
REGULATING VALVE — for hot gas 
y or electric defrost installation. Two 
capacity ranges: 1% and 3 tons 
MODEL 235-S EVAPORATOR PRES- R-12. Flare or solder connections. 
SURE REGULATING VALVE — ‘2 Two adjustment ranges: 0 to 40 MODEL 239 PRESSURE REGULAT- 
ton R-12, visual pressure setting Ib. opening point; 30 to 160 Ib. ING VALVE — Model 239A it 
from 0 to 40 Ibs. Also available opening point. Valve opens on out- two adjustment ranges: 40-140 and 
with 20 to 70-lb. adjustment range. § let pressure decrease below open- 80-210 psig. opening point, Model 
Suitable for all refrigerants. H ing point. 239BH 40 Ib. to 190 Ib. opening 
See }~=~MODEL 238 EVAPORATOR PRES- ft tte Ree point adjustment range. Prote 
SURE REGULATING VALVE — 1 & with long spud solder connection 
ton R-12. Also available in limit- # Valve opens on inlet pressure 
ed adjustment range of 32 to 38 psig. H crease above opening point. 
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Your flow control worries are 0% 
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STAND UP AND BE COUNTED 


Engineers, being men who deal with facts, are not usually overly 
sensitive to constructive criticism, They know that it is just about 
as important to define the things one will not stand for as it is to 
state those for which one is prepared to take a strong position. 
Since the engineer deals not primarily with opinions but with cer- 
tainties he is less likely to be overwhelmed by plausible but false 
argumeats than are some of his fellow citizens. 


We think of ali this because, quite recently, there was an 
extraordinary meeting held at the California Institute of Technology 
where missiles and space research were under a highly technical 
discussion, when two scheduled speakers broke loose from their 
prepared talks to deliver scathing criticism of the whole basis upon 
which the meeting and the missile and space research program was 
established. We would not speak out of character to discuss a subject 
not closely allied with our fields nor would we presume to measure 
the merits of the pros and cons in this specific case. But we do 
think that engineers should more frequently express themselves 
in regard to their relationship to administered projects just as they 
do so frequently talk of the details of the execution of those projects. 


Just such another topic is the peaceful use of the atom by 
industry. We here observed, some months ago, that there was a 
strong point to be made in regard to responsibility and irresponsi- 
bility on the part of engineers who participate in such projects. 
Quite recently, and we must confess it warmed our heart, the leading 
industrial proponent of atomic energy for use in the generation 
of power by either utilities or industrials, came out forthrightly to 
state in substance that now was the time to drop the whole idea. 
Did his engineers convince him? Did he reevaluate the program in 
the light of his own engineering knowledge? Who knows? The 
important thing is that what appears to be a clearer light of reason 
has entered that program, 


Speak up, quieter fellows, and say your say. The noisy 
ones who pretend to have all the answers may only be smoke- 
screening their own ignorance and in the sound and fury may be 
committing you and generations to come to untold folly and irre- 


parable damage. 
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Who’s Who in Engineering 


EJC is sponsor 


Engineering Progress 
Exposition 


New semiconductor 


Room for improvement 


Increased sales seen 


ARI show 


Report on activities 
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Late news highlights 


Approximately 18,000 engineers are included in the 8th edition of Who's 
Who in Engineering, a comprehensive biographical volume of the nation’s 
outstanding a, eH In addition to alphabetical indexing, the book con- 
tains a geographical-divided index and a directory of engineering groups on 
both state and national levels. Published by the Lewis Historical Publishing 
Company, Inc., 265 West 14th Street, New York 11, N. Y., $22.50. 


Engineers Joint Council will sponsor the United States Committee of the 
International Association for the Exchange of Students for Technical Experi- 
ence (IAESTE), an international, non-governmental, non-profit organization 
for the purpose of providing on-the-job training in foreign industry for student 
engineers and scientists. Committee's secretariat will be located in EJC’s head- 
quarters, 29 West 39th Street, New York 18, N. Y. 


Latest products, processes, techniques, application methods and _ services 
known in modern engineering will be shown at the 1959 Engineering Progress 
Exposition sponsored by the National Society of Professional Engineers and 
its New York State Chapter. To be held in New York City, June 17-20, the 
show is a major feature of the Society’s silver anniversary convention. 


Westinghouse Research Laboratories announces development of a thermo- 
electric material for use in temperature range from 850 to 1500 F, which is 
above the melting point of aluminum, magnesium and many common thermo- 
electric materials. The new semiconductor material —— designed solely for 
thermoelectric purposes —— is a three-element compound known as indium 
arsenide phosphide and is prepared by chemically combining high-purity 
indium with equally pure arsenic and phosphorus. It is expected to find im- 
mediate use.in thermoelectric devices operating at temperatures above those 
previously considered ical. 


“Substantial improvement” in the annual COP of the electric heat pump is 
necessary if the heat pump is to be competitive with other systems, contended 
Constantine W. Bary, economic analysis engineer, Philadelphia Electric Com- 
pany, addressing the AIEE Winter General Meeting and reported by Mechani- 
cal Engineering, April 1959, page 96. Other factors cited as being essential 
are: development of supplementary heat-storage means, discouragement of 
the use of supplementary resistors and meeting the economic necessities of 
long-range considerations. st 


Retail sales of room air conditioners this year are expected to reach between 
1,600,000 and 1,750,000, according to Joseph B. Ogden, chairman of the 
Room Air Conditioner Sect of the National Electrical Manufacturers Associa- 
tion. These sales may top the estimated 1958 total of 1,350,000 units by from 
250,000 to 400,000. 


Three additional members appointed to the Air-Conditioning and =e 
tion Institute Show Committee will meet with the committee to consider a 
program of conference-type meetings in connection with the 11th Exposition 
of ARI in Atlantic City, November 2-5. New members are Paul M. Augen- 
stein, president of Airtemp Div, Chrysler Corporation; M. M. Lawler, vice 
president, Worthington Corporation; and R. K. Surfass, vice president, West- 
inghouse Electric Corporation. 140 exhibitors, accounting for over 60% of 
total available space, have already signed for space in the show. 


In its Annual Report: 1957-1958; Division of Engineering and Industrial Re- 
search, National Academy of Sciences-National Research Council reports upon 
division-administered activities for the year. Also included are minutes of the 
annual meeting. 
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All units taxable 


Upward trend 


Wide choice 


Voice of the engineer 


Research planned 


School construction 


Arcton re-coded 


Australian convention 


Aid to young engineers 





According to a recent ruling by the U.S. Seventh Circuit Court of Appeals, 
all household type air conditioners, regardless of output capacity, are subject 
to the 10% Federal excise tax. The Court’s decision states that “neither the 
rated, nor actual, motor horsepower of such air conditioners is of 
moment here. . . . The rulings of the Commissioner [Internal Revenue Service} 
insofar as they are not in conformity with these views, are void.” 


Manufacturers’ shipments of compressor bodies for the calendar year 195§ 
were about 10% abies comparable shipments in 1957, reports the Small Com. 
pressor Section of the Air-Conditioning and Refrigeration Institute. However, 
December 1958 shipments exceeded those of the previous December by 20%, 
continuing a steady upswing which began in August. Figures cover bodies 
for compressors used in all air conditioning and refrigeration equipment except 
household refrigerators. 


Lehigh University offers freshmen entering its College of Engineering con- 
siderable choice of study, with ten different departments with 24 o 

However, freshman year courses are identical for all departments so that final 
decision regarding a curriculum need not be made until the beginning of the 


sophomore year. 


A panel of eight editors and public relations men discussed the questions of 
how to provide the engineering profession with a single voice, what this voice 
should say and how it should say it at the Engineering Public Relations Forum 
sponsored by the Public Relations Committee of Engineers Joint Council. 
Copies of the pamphlet containing transcripts of the forum, “What’s Mu 
the Voice of the Engineer?”, are available from EJC, 29 West 39th Street, 
New York 18, N. Y., i $.50. 


Warren Webster & Company, 70-year-old New Jersey manufacturer of 
and cooling equipment fe home and industry, announces plans for 

and development for the next three years. According to David E. Morgan, 
Director of Research, at present the firm is interested primarily in research 
in the air conditioning field. 


Cooper Union School of ee pu ayinn begins construction on its new building 
late this spring. The $4-million structure, which is expected to be ready for 
occupancy in the fall of 1961, will unite for the first time all of the d 

of the engineering school. Interior arrangement provides for grouping of 
related laboratories, classrooms and offices of each engineering specialty on 
the same floor. (Mechanical Engineering, April 1959, page 127.) 


Imperial Chemical Industries Ltd., London, has re-coded its Arcton range of 
refrigerants and propellents according to the system now widely used in the 
United States and elsewhere. Arcton grades are renumbered as follows: 
9 to 11; 6 to 12; 3 to 13; 7 to 21; 4 to 22; 63 to 113; 33 to 114; and 50 to 1334. 


Transcripts of all papers presented at both the Technical and Commercial 
Divisions of the First Australian Refrigeration and Air Conditioning Conver 
tion held in Sydney, May 6-9, 1958, are now available. The 104-page pamphlet 
is published by Aircon Publications, 44 Castlereagh Street, Sydney, A 

Price is approximately $3.15 (twenty-five shillings). 


Three new pamphlets designed to assist and guide young engineers during their 
first few years after graduation have been published by the Training Committee 
of the Engineers’ Council for Professional Development. “Your First Five Y: 
(10 cents), “Selected Reading for Young Engineers” (15 cents) and “Personal 
Appraisal” (10 cents) are available as separate items or will be furnished 

the basic reference manual, “A Professional Guide for Young Engineers”. Cost 
of Guide and brochures is $1.00 Copies may be obtained from ECPD, 29 West 
39th Street, New York 18, N. Y. é 
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Dynamics of fresh air 


as seen from the view of ion- 


ization ina changing environment 


To some “fresh air” is synonomous 
with opening the window. To 
others it may bring thoughts of a 
breeze off the ocean or the stimu- 
lating effect of air in the moun- 
tains. In brief, there does not ap- 
pear to be a satisfactory definition 


. of fresh air—either because it is 


too complex to define or no two 
people have the same concept of 
what constitutes fresh air to them. 
Chemically, we know that air is a 
mixture of gases. Pure air is a mix- 
ture of these gases without the con- 
taminants of pollen and dust or air 
pollution so frequently found in 
our urban centers. However, pure 
air and fresh air are not the same. 

The air conditioning engineer 
strives to process air in such a way 
as to make living spaces physi- 
cally comfortable and biologically 
healthful. Temperature and the 
humidity are controlled; impurities 
are removed; and the basic require- 
ments of sufficient oxygen and re- 
moval of excess carbon dioxide are 
fulfilled. In short, the engineer 
achieves a uniform environment de- 
tived from averages of physical and 
chemical properties. The result has 
been hailed as a great success and 
a major contribution to modern 
living. 

Yet, there is still much to be 
accomplished before we can claim 
to have really produced the per- 

environment. To be more spe- 
Rng Rl gn i 


dressed an ASHAE TAC meeting in Philadel- 
Fa Mins the 65th Annual Meeting, January 
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cific: first, the air conditioning en- 
gineer has based his objective on a 
set of conditions that is static. Arti- 
ficial climate today is assumed to 
be a constant with measured 
amounts of desirable ingredients 
obtained from averages. Second, 
not all of the properties of the 
normal atmosphere are being con- 
trolled in the field of air condi- 
tioning as defined today. Thus, we 
have what might be described as 
a practical solution to the problem 
of controlled indoor climate but 
not a scientific solution. The param- 
eters of fresh air in space environ- 
ment have been described but not 
defined; some of the properties are 
being controlled on a fixed basis, 
and others are neither controlled 
nor measured. 


DYNAMIC ENVIRONMENT 


Fresh air is not static. It is chang- 
ing constantly—about as dynamic 
as anything known. Fresh air might 
be described as pure air in action, 
but it can be shown that fresh air 
is not always pure in either the 
chemical or physical sense. The at- 
mosphere is a stage on whose land 
and sea we move and live. The 
stage has changing scenes—the sea- 
sons—storms—fine weather—a great 
variety of physical display. Many 
of the forces of the atmosphere are 
well known, and a review of these 
would not contribute materially to 
this discussion. The dynamic forces 
of wind, pressure, temperature, 
lightning, rain, snow —all those 





JOHN C. BECKETT 
Member ASHRAE 


changes in the atmosphere that are 
commonly spoken of as weather 
are the action components of fresh 
air. Each has its influence and thus 
affects our health and comfort. 
Even in this modern age of air 
conditioning the engineer has not 
been able to isolate our environ- 
ment completely from weather 
influences. 

The physiological importance 
of weather stimulation of man’s 
senses is known but not well under- 
stood. Some of this knowledge has 
been put to practical use, such as 
summer cooling of offices for in- 
creased productivity of the occu- 
pants. However, there needs to be 





Perhaps nowhere in our scientific 
literature is there a suitable de- 
scription of fresh air. There is no 
lack of discussions of our atmos- 
phere and its pollution, or contam- 
ination, variously. Nor is there an 
absence of definitions as to what 
constitutes “true air conditioning” 
or of conditions for comfort, But 
just what is fresh air? Author 
Beckett views it as a matter c: 
electrical dynamics. 
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Fig. 1 Effect of air pollution on ion density during four 
consecutive days in San.Francisco. Note relatively high 
level intermediate ions and abnormally low levels of small 
ions. (Read from lower right.) 





a greater understanding and appli- 
cation of “changing” environment, 
depending upon the occupation, 
! ving habits, and sensitivity of the 
individuals concerned. 

It is not unusual today to find 
cooling of air conditioned spaces 
controlled on a daily schedule. 
Office temperature is permitted to 
rise near quitting time to reduce 
the physical “shock” of going into 
the warm outdoor air. The tem- 
perature in the cabin of a modern 
airliner is often adjusted to meet 
local conditions before landing. 
These are minor recognitions that 
our physical health and well-being 
need time for transition from one 
environment to another. 

Too rapid a change in space 
environment can be harmful rather 
than beneficial stimulation, par- 
ticularly if it is preceded by a long 
period of constant conditions. But 
a gentle change “exercises” the 
sensing system of the body. Fre- 
quent gentle stimulation improves 
the range of adaptability; that is, 
ability to become climatized quick- 
ly. The cardio-respiratory system 
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of the body reacts favorably to 
regular stimulation from changing 
climate and weather conditions. 
The engineer needs to know the 
parameters of dynamic environ- 
ment and how this knowledge can 
be put to use for the benefit of our 
health and comfort in relation to 
individuals and occupations. 

The I.G.Y. (International Geo- 
physical Year) increased our know!- 
edge of scientific facts concerned 
with radiation forces from outer 
space. It will be several years be- 
fore the physiologists can digest 
this information into simple for- 
mulae for a complete description 
of dynamic environment. In other 
words, the space scientists have ob- 
served the great variety of physical 
activity in space, the medical scien- 
tists (biophysicists) need to estab- 
lish what each type of activity and 
condition means to living cells and 
tissue, and finally the physiologist 
to determine what changing con- 
ditions mean to the biology of man. 
The engineer can move to incor- 
porate these scientific facts into 
principles of application. 









This does not mean that the 
engineer can rest on his oars wait- 
ing for the space scientist and 
climatologist to complete these new 
fertile fields of investigation. Prog- 
ress has been achieved in the field 
of air ionization that warrants the 
engineer's attention now."? 

Radiation and ionization are 
closely allied factors of environ- 


ment. Air ions or electrical charges’ 


in the air are a direct result of 
radiation energy affecting mole- 
cules in the air. At the earth’s sur- 
face radioactivity of the soil is the 
principal radiation energy causing 
ionization. Cosmic rays are another 
important source, particularly as 
altitude increases. These ions vary 
in number and characteristics de- 


pending on the physical conditions _ 


of the atmosphere and the strength 
of radiation energy, but there are 
always ions present in air. 


PHYSIOLOGICAL IMPORTANCE 
OF IONS 


Discussions of fresh air and pat- 
ticularly the dynamic properties of 
fresh air should include mention of 
the known physiological impor- 
tance of air ions. Historically, there 
have been many efforts to evaluate 
the biological influence of air ions. 
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Most of these have been subjective 
and not convincing to the critical 
scientist. The problem is com- 
pounded when one realizes that 
the energy involved is extremely 
small. If ions in air are viewed as 
a dilution in a mixture, the sug- 
gestion of biological importance 
looks absurd. Normal ion density 
involves an ion expressed as a 
charged molecule complex in a 
ratio of one in five trillion (as- 
suming an average of 6 molecules 
each). However, there is an im- 
portant physical difference. A sin- 
gle charge holds a group of mole- 
cules together and the essence of 
a small ion is its charge. (These 
molecules are probably not the 
same chemically.) Take away the 
charge and the ion loses all iden- 
tity. This charge is easily detecta- 


ble; its energy may be small but - 


its presence is conspicuous. The 
physicist has no trouble in identi- 
fying ions in air both as to size and 
quantity. Is it not reasonable that 
nature can do the same? 

The most convincing evidence 
of the biological importance of 
small ions is quantitative measure- 
ment of physiological change. Dr. 
Harold Harper, biologist at the 
University of California School of 
Medicine, found that the inhala- 
tion of small air ions by rats re- 
duced the succinoxidase content of 
the adrenal gland.’ Prof. Albert 
Krueger at the University of Calli- 
fomia has conducted extensive 
tests of small air ions on the trachea 
of living animals.‘ Animals ex- 
posed to positive air ions displayed 
4 marked decrease in ciliary activ- 
ity, a decline in mucus flow rate, 
contraction of membranous poste- 
tior tracheal wall,and increased 
vulnerability to trauma of cilia 
and mucosal blood vessels. Similar 
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Fig. 2 Record of ion density for two days at Summit 


Laboratory, White Mountain, California, elevation 14,246 
ft. Note wide variation in small-ion density and virtual 


absence of intermediate ions. 


treatment with negative ions re- 
versed the positive ion effects. Con- 
tinued negative ion exposure raised 
the ciliary rate in every instance. 
In ‘pursuit of the mechanism of 
these effects, Dr. Krueger found 
that the oxygen negative ion com- 
plex and the carbon dioxide posi- 
tive ion complex are responsible 
for the changes observed.> Removal 
of carbon dioxide from ordinary air 
nullified the effect of positive ions 
in air. Ion densities in the first of 
these studies were higher than 
found in ordinary air; however, 
long-term experiments using densi- 
ties in the same range as usually 
occur under natural conditions 
gave proof of a time-density rela- 
tionship of dosage.*® 


ELECTRICAL PROPERTIES 
OF FRESH AIR 


Benjamin Franklin was probably 
the first scientist and engineer to 
recognize that atmospheric elec- 
tricity is an environmental factor. 
Now that the biological significance 
of the air ions, or electricity in air, 
is well established it is important 
that engineers know the character- 
istic behavior of these ions under 
various conditions. 

There are three measurements 
of atmospheric electricity to keep 
in mind in defining the electrical 
characteristics of fresh air. First, 
there is the earth’s gradient, the 
electrical field between the earth 
and the ionosphere. This electric 
field is relatively constant but there 
are small diurnal and_ seasonal 
changes. The effect of clouds, how- 
ever, is quite marked—like that of a 
shielding electrode. Second, there 


are ions or electric charges in the 
air. This electrical content of air 
is spoken of in terms of ion density. 
Ions have a limited life measured 
in minutes and seconds. They are 
created by the alpha and beta 
radiations emanating from radio- 
active elements in the soil, cosmic 
rays and to a lesser degree solar 
radiation. Third, as a result of the 
ions in the air and the earth's gra- 
dient, there is a continuous flow of 
ions toward the earth called the 
air-to-earth current. This current 
of electricity is easily detected 
with modern electronic amplifiers. 
Positive ions flow toward the earth 
in most periods of fair weather. 
This fact supports the popular 
theory of the electrode effect in 
explaining a slight excess of posi- 
tive ions over negative ions at the 
earth’s surface. There are typically 
2500 ions/cm*/sec reaching the 
surface.’ 


Atmospheric ions exist in many 
sizes, from the mobile gaseous ions 
of oxygen and carbon dioxide to 
the large ions of charged droplets 
and dust particles. Small ions, or 
high mobility ions, as they are 
sometimes called, are single charges 
each associated with gaseous com- 
plexes of several molecules. At sea 
level the average small ion content 
of clean air is about 500 to 600 ions 
per cc. On mountain peaks the 
density has been observed to be 
three to four times as great. This 
is attributed to the greater inten- 
sity of cosmic rays at high altitudes 
and the reduced atmospheric pres- 
sure. 


Large ions are single charges 
attached to particles. They range 
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Fig. 3 Forty-eight hour record of air ion density in an 
unoccupied, sealed room at high elevation. Note excess 
of positive over negative ions. 


that an ion density of 500 to 600 





in size from 40 millimicron to about 
1 micron. These ions are frequently 
observed near urban centers or 
places of industrial activity. Though 
the particles themselves may be 
notably important from the stand- 
point of air purity, the charge is 
too small in relation to the size of 
the particle to have any significant 
physical influence. Our only inter- 
est in large ions relates to their 
effect on the small ion density. The 
presence of many large ions will 
reduce the small ion density through 
combination (adsorption) of the 
high mobility small ion coming in 
contact with the slow moving par- 
ticle. By keeping track of the large 
ions we can better understand 
changes in small ion densities; that 
is, whether a change in the ion 
source has occurred or merely a 
shift in mobility due to dust, smoke 
or other air contaminants. 

In between the small ions and 
the large ions there are ions of 
intermediate size. These charged 
particles consist of several hundred 
molecules. They are submicro- 
scopic in size and range from 3 to 
40 millimicron. Though interme- 
diate ions are charged particles 
and, therefore, resemble large ions, 
their mobility is sufficiently high 
in air to have some significance. 

The ion collector used in these 
observations consists of a series of 
parallel plates and a blower for 
drawing air between the plates. 
Potential difference is maintained 
between alternate plates to create 
an electric field and thereby direct 
ions toward the plates. Ions ar- 
riving at the plates produce electric 
current in the circuit. If the total 
surface of the collecting plates is 
large enough, a measurable elec- 
tric current will flow from the air 
to the collector. To measure the ion 
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per cc was typical and consistent 
with other reports.* 

Similar studies on Rincon Hill 
near the San Francisco end of the 
Bay Bridge have produced quite 
different results. For example, the 
small ion density curves in Fig. 1 
average less than 80 ion/cc. Varia- 
tions are negligible with only a 
slight increase for small ions dur- 
ing the day on Monday and Tues. 
day. The intermediate ions pre- 
dominate in these curves, reaching 
peak levels of 400 ion/cc during 
morning and evening peak traffic 
flow on week days. The particular 
days recorded on the charts of Fig. 
1 were fair with cloudless blue sky 
and reported by local authorities to 
be free of air pollution. Yet, the 
presence of many intermediate ions 
and few small ions is convincing 
evidence of invisible contaminants. 
Note the marked increase of inter- 

-mediate ions on Monday and Tues- 
day in contrast with Saturday and 
Sunday. The relative humidity 
and temperature characteristics for 
all four days remain approximately 
the same. 

Mountain air, by contrast, pre- 
sents a completely different pic- 
ture. (Fig. 2.) Measurements at the 
University of California High Alti- 
tude Research Station on the White 
Mountains of California revealed 
that the small ion density, recorded 
on a less sensitive scale than Fig. 1, 
varies from a low of 200 ion/cc to 
more than 2000 ion/cc and the in- 
termediate ions are almost non- 
existent. The large variation in 
small ion density on the White 
Mountains cannot be the result of 
a change in known cosmic ray in- 
tensity since abrupt changes of this 


currents, four Beckman, Model V, 
vibrating-reed micro-microamme- 
ters with a sensitivity of 10°* amp 
were utilized because of their 
ruggedness and suitability for con- 
tinuous recording without zero 
drift. 

An air velocity of 75 cm/sec 
has proved to be the optimum con- 
sidering the practical limitations of 
physical size of a collector and the 
necessity for avoiding air turbu- 
lence. A large collector with low 
air velocity provides a measurable 
ion current but has high capaci- 
tance and is awkward to use. A 
miniature collector with high air 
velocity provides a measurable ion 
current also, but air turbulence in- 
troduces error, and the current 
reading fluctuates so greatly as to 
require severe damping. Hence, a 
compromise design was used, hav- 
ing an airstream of relatively low 
velocity, virtually free of turbu- 
lence, and a collector small enough 
to be portable yet large enough to 
give an easily measured ion cur- 
rent with available micro-micro- 
ammeter equipment. The collec- 
tors developed for this work are 9 
cm wide x 11 cm high x 70 cm 
long, including a 250 liter/min 
blower. Terminals of the collector 
are electrically shielded and an 
electric heater is provided to pre- 
vent condensation of moisture on 
the insulation between plates. Con- 
nections between plates are welded 
where possible to insure against 
disturbance from imperfect con- 
tact. 

Earlier it was mentioned that 
the small ion density of mountain 
air was about three times as great short duration have not been ob- 
as clean air at sea level. Studies served.’® It is important to note 
conducted in a residential area of that the density of small posi- 
San Francisco several miles west tive and small negative ions 1 
of the industrial center established often the same. Observations have 
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been reported of a greater than 
usual excess of positive ions for 
some mountain regions, particularly 
during windy conditions; e.g., Fohn 
winds. 


SEALED ROOM TEST 


Just what all this means in creating 
artificial fresh air is now beginning 
to clarify, keeping in mind that 
fresh air is a relative term and may 
include a variety of conditions —a 
change being more stimulating than 
the specific condition itself. The 
question naturally arises “do these 
electrical changes in outside air 
penetrate into building and living 
spaces?” 

Several investigations have 
been conducted in sealed rooms in 
an effort to learn about the influ- 
ence of ionizing forces in the ab- 
sence of ventilation. For purposes 
of discussion a sealed room is one 
in which the doors and windows 
are closed and taped to reduce air 
infiltration, but the room is not 
pressure tight. In Fig. 3 we see the 
results measured in an unoccupied 
sealed room at an elevation of 12,- 


470 ft in the White Mountains. | 


Heaters were turned off to prevent 
possible local contamination. The 
only electrical equipment operating 
in the room was the ion collectors 
and a single incandescent light. 
Three characteristics are quickly 
apparent in these records. In a 
sealed room the ion current inten- 
sity is more uniform and clearly 
defined. Note that the dots of the 
recorder are closely spaced with 
no sporadic bursts of the ion cur- 
rent so characteristic of outdoor air 
in fair weather. Secondly, the posi- 
tive small ion curve is greater than 
the negative for most of the time. 
Third, the ion density varies over 
a considerable range but always 
below the level of outdoor ion den- 
sity. An increase in room tempera- 
ture during the day is apparent as 
seen by the increase in mobility of 
the ions during daylight hours. 
These three characteristics have 
also been observed at sea level. 
Some investigators have 


claimed that the small ion density 
increases above normal in a sealed 
room." This is a local effect—quite 
noticeable in our laboratory in San 
Francisco but not of any conse- 
quence where the air is pure. The 
observations can be attributed to 
the settling out of airborne con- 
taminants. Room ion density is 
about two-thirds of outside air and 
this is typical for unventilated 
rooms of frame buildings. 

Though the ion density in a 
sealed room is not static it is much 
lower and less variable than fresh 
air. Window ventilation provides 
an ion density indoors almost the 
same as measured outdoors. Venti- 
lation through long ducts using 
blowers to move the air has been 
observed to reduce the ion density 
by adsorption of ions on the walls 
of the duct faster than ions are 
formed — more negative ions than 
positive are lost. Like the sealed 
room, forced ventilation favors the 
positive ion in a process of selec- 
tive adsorption. 


SUMMARY 


The problem of climate control is 
a difficult one for engineers be- 
cause only a few of the variables 
can be controlled.’* Climate engi- 
neering inherits the unknown of 
the biological sciences and meteor- 
ology. Scientists say that the best 
we can do is to balance the un- 
controllable forces with the con- 
trollable.™® 

Temperature, humidity, purity 
and air movement can be controlled 
to a reasonable degree. Pressure 
can be controlled where essential 
(space flight and submarines), but 
generally this is uneconomical. Ra- 
diations are recognized but not 
controlled, including solar radia- 
tion, cosmic radiation and radio- 
activity. 

Superimposed on this set of 
conditions is the large unknown of 
bioclimatology—the effect of out- 
door climate, the seasons and 
weather on man when he passes 
from one climate to the next. At 
the beginning of this article we 
mentioned the stimulation of bio- 


logical processes by changing con- 
ditions. Air ionization is a biocli- 
matical factor which to date has 
not been controlled. We have 
learned from Kornblueh™* and 
Winsor" that an excess of negative 
ions is beneficial payticularly for 
the respiration of hay fever suf- 
ferers and an excess of positive ions 
with air pollution irritates the 
throat and decreases respiration ca- 
pacity. There is still need, how- 
ever, for correlation of air ion den- 
sity with other climate factors. 
Kornblueh has observed that a con- 
stant negative ion density is not as 
beneficial to health as a periodic 
exposure. Thus, scheduled air ion- 
ization levels may provide greater 
physiological stimulation with com- 
fort than continuous negative ion 
generation. This would appear to 
be logical in view of the observa- 
tion that the electrical properties 
of fresh air are dynamic. 

A condition of physical com- 
fort does not necessarily mean that 
all factors of environment are held 
constant. Stimulation is a part of 
the comfort formula. Where varia- 
tion of temperature and humidity 
becomes impractical, air ionization 
appears to offer a reasonable solu- 
tion. 
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Predicting annual heating costs of 





Residential heat pumps 





Why are methods available for 
estimating operating costs of coal, 
gas and oil equipment not applica- 
ble, with slight modifications, to 
the heat pump? To answer this, it 
is necessary to consider the charac- 
teristics of the air-source, electric- 
driven, heat pump, which is simply 
a refrigeration machine used to 
supply heat to a space. A typical 
performance curve for a heat pump 
is shown in Fig. 1. Note from Curve 
C that the heating output is not 
constant but decreases as the out- 
door dry bulb temperature de- 
creases. In contrast, the heating 
output of a gas or oil furnace is the 
same regardless of the outdoor 
temperature; that is, a furnace 
rated at 80,000 Btu/hr always de- 
livers heat at approximately that 
rate to supply the amount of heat 
needed by the residence; it merely 
operates for longer periods during 
colder weather. 

Therefore, one characteristic 
of a heat pump that is different 
from conventional oil, gas or coal 
heating systems is that its heating 
output varies with the outdoor 
temperature; that is, it is a func- 
tion of the weather. 

A heat pump sufficiently large 
to handle the heat loss of a house 
in the coldest weather will gen- 
erally be over-size for the summer 
cooling requirement. It is both 
economical and practical to select 





Stanley F. Gilman is Associate Director of 
Research ; William Clausen ig Research Engi- 
neer, Research and Development Div, Carrier 
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Air Conditioning Conference at the 45th Semi- 
annual Meeting of ASRE in New Orleans, 
December 1-3, 1958. 
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the unit on the basis of the cooling 
need and add electric resistance 
heaters to make up the heating 
deficiency during short periods of 
cold weather. The efficiency of a 
heat pump is considerably greater 
than that of electric resistance-type 
heaters. A Btu supplied by the heat 
pump will cost only about 40% of 
that supplied by a resistance heater. 
Hence, to predict the total power 
consumption of the system, it is 
necessary to estimate the amount 
of heat supplied by each of the two 
devices. These separate amounts, 
however, are a function of both the 
construction of the residence and 
its geographical location. 

In Fig. 1, Curves A and B rep- 
resent the heat requirements of 
two houses as a function of out- 
door temperature. The balance 
point temperature is the outdoor 
temperature at which the heat 
pump output is just equal to the 
house requirement. House A has 
a greater heat loss under design 
conditions than House B; hence, 
its balance point occurs at a higher 
outdoor temperature, 32 F vs. 25 F. 
Within these temperature limits, 
part of the House A requirement is 
supplied by resistance heaters, 
whereas the House B heat is sup- 
plied entirely by the heat pump. 
During the time the outdoor tem- 
perature is between these limits 
each Btu supplied to House A will 
cost more than that to House B. 
Consequently, the time-temperature 
history of the locality must be con- 
sidered in predicting operating 
costs. 
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In summary, the performance 
characteristics of a heat pump- 
resistance heater combined system 
are dependent on the outdoor tem- 
perature existing at a given time. 
Hence, prediction methods for gas 
and oil heating systems are not ap- 
plicable and special procedures 
must be developed for residential 
heat pumps. 

The operating cost prediction 
problem can be divided into two 
parts: 

1. What is the total Btu require- 
ment of the residence for the 
heating season? This is a fune- 
tion of the size and construction 
details of the residence (heat loss) 
and its geographical location 
(weather). Note that it is inde- 
pendent of the heating system; 
hence, this phase of the problem 
requires the same information 
whether the fuel be coal, gas, oil 
or electricity. 

2. How much does it cost annually 
to supply the Btu requirement of 
item 1? This is a function of the 
efficiency of the heating system 
and the unit cost of the electrical 
energy. 

Only in the case of the heat 
pump are items 1 and 2 interte- 
lated; the weather pattern influ- 
ences not only the house require- 
ment, but the efficiency of the heat- 
ing system as well. 


DEVELOPMENT OF METHOD 


Since power rates vary with local- 
ity, the method developed predicts 
only the kwhr power consumption. 
The cost in dollars is then easily 
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determined by multiplying by the 
local rate per kwhr. 

The development of the method 
was as follows: Fifteen cities were 
selected in each of four groups 
with outdoor design temperatures 
of OF, 10F, 20F and 30F. For 
each design temperature, cities with 
widely different numbers of heat- 
ing degree-days were selected. For 
example, the cities and their cor- 
responding average degree days 
having an outdoor design tempera- 
ture of OF were Dallas (2272), 
Memphis (3137), Asheville (4072) 
and Boston (5791). 

In order to simplify calcula- 
tions, a special sheet was formu- 
lated and will be used as a guide 
in explaining the method. A com- 
pleted example is presented in 
Table I for Birmingham, Ala., and 
for a particular heat pump model. 

The city, normal number of 
degree-days, and the heat loss at 
the outdoor design temperature, t,, 
are listed in the heading. For each 
city, five different heat losses were 
used, usually 40, 60, 80, 100 and 
120 thousand Btu/hr. The term R 
in the heading is the heat loss of 
the house per degree difference 
between the indoor and outdoor 
temperature expressed, for conve- 
nience, in thousands. The indoor 
design temperature was taken as 
70 F to conform with conventional 
heat-loss calculation procedures. 


. However, the final information is 


not restricted to an indoor tem- 
perature of 70F, as will be evi- 
denced later. 

The U.S. Weather Bureau five 
year (1934-1939) “Summary of 
Hourly Observations” was the 
source of weather data for all cities 
and listed the total number of hours 
during a five year period, month 
by month, that the temperature 
was in a specified five degree range. 
By totaling them for the heating 
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Annual sales of residential heat pumps using outdoor air 
as the heat source, and the number of companies manu- 
facturing them, have increased considerably during the 
past few years. Although methods are available for esti- 
mating operating costs of residential cooling equipment 
and of heating systems using coal, gas and oil, there is 
no authoritative procedure to estimate annual heating 
costs of heat pumps. As a result, manufacturers have 
devised their own methods to provide reasonably accurate 
estimates. One method developed is described here. 
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Fig. 1 Typical performance 
curve for a heat pump 


season months, and dividing by 
five, data for Col. B of Table I 
were obtained. Col. A represents 
the average temperature in the 
given five degree range. For ex- 
ample, Row 3 shows 52 in Col. A 
and 633.6 in Col. B; indicating the 
outdoor dry bulb temperature was 
between 50 and 54F (average of 
52 F) for 635.6 hr. 

A degree-hour concept was 
used to compute the house heat 
requirements. As with the degree- 
day concept, a base temperature 
of 65 F was used; because of solar 
and internal heat gains, a residence 
does not require any heat at or 
above 65F outdoor temperature. 
In equation form, the Btu heat re- 
quirement, Q, is: 





H (65—t.) N 
= (1) 
(70 — to) 
or 
Q 
—— = R (66 —t.) N (2) 
1000 
in which 


H = heat loss based on 70 F indoor 
temperature and t, outdoor 
design temperature, Btu/hr. 

t, = average outdoor temperature 
of a specific 5F increment, 
°F (Col. A, Table 1). 

N = number of hours that t, exist- 
ed (Col. B, Table I). 
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Fig. 2 Performance data for 
heat pump 


H 
R = —___—__, M Btu/hr F. 
1000 (70-t,) 


In Table I, with the selected 
value of heat loss and the Col. A 
and B data, the incremental heat 
requirement values were computed 
from Eq. 2 and listed in Col. D. 
The Col. D sum is 65,196,000 Btu 
and represents the heat required 
in this example for the entire heat- 
ing season; and answers the ques- 
tion in Item 1 above. 

Col. E to M in Table I relate 
to the heat pump kwhr needed to 
supply these incremental heat re- 
quirements. Performance data for 
the heat pump are given in Col. E 
and F and are also presented 
graphically in Fig. 2. These data 
apply to a particular model of one 
manufacturer; for another model 
or brand, applicable data are in- 
serted. The kw input represents 
the total input to the compressor 
and all auxiliaries, such as fans. 

It is convenient to express the 
heat to be supplied at each Col. A 
temperature in terms of the num- 
ber of hours of heat pump opera- 
tion necessary. Part of the conve- 
nience lies in the fact that the bal- 
ance point temperature does not 
need to be determined independ- 
ently, as will be evident later. 

Col. G is obtained by dividing 
the heat needed by the capacity of 
the heat pump. Following Row 3, 


8237 thousands of Btu’s needed 


54.5 thousands of Btu/hr output 
of heat pump 





151.1 hr of operation. Hence, the 
heat pump will operate for 151.1 
hr during the 633.6 hr that 52F 
weather exists. In these 151.1 hr, 
the total heat pump output will be 
8,237,000 Btu, which is exactly 
what the residence requires. 

Col. H lists the excess, if any, 
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of the Col. G heat pump operating 
hours over the Col. B hours during 
which the Col. A temperature 
existed. In this example, the excess 
is zero until the outdoor tempera- 
ture is 22F or below. Until that 
temperature is reached, the heat 
pump is capable of supplying all 
the heat required by the residence. 

Looking at the Row 9 values, 
in order to supply the needed 2,- 
064,000 Btu (Col. D) the heat pump 
would have to operate 54.3 hr 
(Col. G). However, since only 48.0 
hr of 22 F weather exist, more heat 
is required than can be supplied 
by the heat pump. The deficiency, 
or what has to be made up by re- 








LAAAK 
\s 
Ve 
Vik... 
A LNT Nsoee 

Oe Ie 


, r 


OUTDOOR DESIGN TEMP : OF 























TMOUSANDS OF DEGREE DAYS 












































° 20 40 60 80 100 120 

HEAT LOSS -~THOUSANDS OF BTU/HR 
Fig. 4 Plot of heat loss as 
abscissa and degree-days as 
ordinate with small intervals 
of kwhr as parameter 


sistance heaters, is the number of 
Btu's equivalent to the heat pump 
operating (54.3-48.0) or 6.3 hr (Col. 
G) at an output of 38,000 Btu/hr 
(Col. E). 

Col. J shows the kwhr of sup- 
plementary heating needed at each 
listed outdoor temperature, and is 
computed by multiplying Col. E by 
Col. H; the number 3.413 being the 
conversion from thousands of Btu 
to kwhr. Heat pump kwhr, Col. K, 
is obtained by multiplying the kw 
input to the heat pump (Col. F) 
by the difference between Col. G 
and H. 


22 





20 





hat 





es 
La, 


L 








2 





ANS 


\ 





i“ 
Ly 
Me 
Se 
Fe WEA mes cae = 


50 60 70 60 90 100 
HEAT LOSS -THOUSANDS OF BTU/ HR 


Fig. 5 Plot of heat loss vs. 
kwhr consumption using se- 
lected intervals of degree- 
days as parameter with out- 
door design temperature of 
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Above the balance point, Cot. 
H has only zeros, so the procedure 
is actually the hours of heat pump 
operation (Col. G) times the kw 
input (Col. F). 

Below the balance point, the 
heat pump operates full time, hence 
the number of hours is given in 
Col. B. For example, in Row 9 the 
heat pump operating hours must 
be 48.0 (see Col. B). The (G-H) F 


calculation procedure avoids the . 


necessity of computer personnel 
having to use Col. G values above 


TABLE I—CALCULATION SHEET FOR HEATING COSTS (6499 HEAT PUMP) 


City: Birmingham, Ala. (Heating Season: Oct. to April Incl.) 
Normal Degree Days: 2737 Outdoor Design Temperature, to. = 10 F 


Heat Loss 
Heat Loss at +. = 60,000 Btu/hr R — —————— 
1000(70-+.} 
A B GS E F G H 
Outdoor rExXc Heat Heat Excess 
Temp. No. of (65-t.)N = Thous. Pump Pump Oper.Hrs. of G 
Row ta, Hours, Deg. Btu Cap. kw -_ Over B 
No. F N Hrs Req. 1000 Btu/Hr Input E Hrs. 
| 62 665.2 1996 1996 58.0 6.43 34.4 0 
2 57 680.0 5440 5440 56.2 6.20 96.8 0 
3 52 633.6 8237 8237 54.5 6.01 151.1 0 
4 47 565.4 10177 10177 52.2 5.84 195.0 0 
5 42 486.4 11187 11187 49.1 5.70 227.8 0 
6 37 423.0 11844 11844 47.0 5.53 252.0 0 
7 32 273.4 9022 9022 44.0 5.33 205.0 0 
8 27 111.2 4226 4226 41.0 5.10 103.1 0 
9 22 48.0 2064 2064 38.0 4.92 54.3 6.3 
10 17 12.6 605 605 35.0 4.72 17.3 4.7 
if 12 4.0 212 212 31.8 4.53 6.7 2.7 
12 7 3.2 186 186 28.2 4.31 6.6 3.4 
Totals 65196 
54 


= 1.0 (1000 Btu/hr F) 











J K M N 
Supp. 
Heat Heat y 
HXeE Purap Total Days 
3.413 kwhr kwhr Cc 
kwhr (G-H)F K+J 24 
0 221.2 221.2 83.2 
0 600.2 600.2 226.7 
0 908.1 908.1 343.2 
0 1138.8 1138.0 424.0 
0 1298.5 $298.5 466.1 
0 1393.6 1393.6 493.5 
0 1092.6 1092.6 375.9 
0 527.9 527.9 176.1 
70.1 236.2 306.3 86.0 
48.2 59.5 107.7 25.2 
25.2 18.1 43.3 8.8 
28.1 13.8 41.9 71 
171.6 7509.0 7680.0 2716.0 
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the balance point and Col. B values 
below it. 

Col. M is the sum of Col. J 
and K. Vertical sums in Col. J, K 
and M give the supplementary 
heat, heat pump, and total power 
kwhr consumption, respectively. 

The Col. C degree-hours di- 
vided by 24 hr per day gives degree 
days. When summed, the total of 
2716 is compared with the ASHAE 
Guide value of 2737 for the period 
October to April, inclusive. They 
are within one percent in this case, 
indicating the five years (1934- 
1939) of weather data used are rep- 
resentative of average winter con- 
ditions in Birmingham. 

The preceding example _in- 
volved a particular model of heat 
pump. To find the kwhr consump- 
tion of a different model, applica- 
ble performance data must be in- 
serted in Col. E and F, and the 
above procedure repeated. 

The actual computations are 
simple, and were done quickly with 
desk-type calculating machines fol- 
lowing the instructions at the top 
of each column. 


CORRELATION AND 
GENERALIZATION 


Once the total power consumption 
had been determined for each city 
and for several increments of heat 
loss, the kwhr consumption was 
plotted against heat loss for each 
outdoor design temperature. A 
typical plot for a region where the 
outdoor design temperature is 0 F 
is shown in Fig. 3. 


To reduce this plot to uniform 
increments of degree-days (2500, 
3000, 3500, etc.), another graph was 
constructed by plotting the heat 
loss as the abscissa and degree-days 
as the ordinate with small inter- 
vals of kwhr consumption as pa- 
rameter, typified by Fig. 4. 

Finally, from Fig. 4 a plot of 
heat loss versus kwhr consumption, 
Fig. 5, was constructed using the 
selected intervals of degree-days as 
parameter. Similar plots were made 
with outdoor design temperatures 
of 1OF, 20 F and 30F. 


ADJUSTMENT FOR REDUCED 
INFILTRATION 


The infiltration factors ordinarily 
used to compute the heat loss of a 
tesidence under design outdoor 
conditions are based on a 15 mph 
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KWH (1000's) 





HBAT LOSS (1000 BTU/HR) 


Fig. 6 Chart for season power 
consumption for heating cy- 
cle outside design tempera- 
ture 10 F. (Reproduced from 
Application Data, 64 Q Heat 
Pump, Carrier Corp.) 


wind velocity. Although this can 
be justified from an equipment se- 
lection standpoint, the average in- 
filtration rate is more significant in 
predicting operating costs. Study of 
wind data indicated an average 
nearer 8 mph was more representa- 
tive. After analyzing residential 
infiltration loads relative to total 
heating loads, the power consump- 
tion curves of Fig. 5 were adjusted 
to reflect' a 10% decrease in house 
heat loss. This adjustment pro- 
vides a more realistic appraisal of 
the influence of infiltration on oper- 
ating costs. 


CREDIT FOR INTERNAL 
HEAT GAINS 


It remained only to devise a pro- 
cedure for crediting the electric 
power consumed by internal 
sources such as lights, appliances, 
hot water heaters, etc. This power 


TABLE II—USEFUL HEAT 


FACTORS 
Fraction of 

Heating Appliance Useful 

Degree- Season Heat Heat 

Days Months Useful Factor 
500 4 0.105 0.4 
1000 5 0.181 0.9 
1500 6 0.236 1.4 
2000 6.5 0.270 1.8 
2500 0.292 2.0 
3000 7 0.307 2.2 
3500 7.5 0.318 2.4 
4000 8 0.328 2.6 
4500 8 0.335 2.7 
5000 8.5 0.340 2.9 
5500 9 0.345 3.1 
6000 9 0.350 ae 


converted to heat will in part sup- 
plement the output of the heat 
pump, thus reducing its kwhr con- 
sumption. The degree-day concept 
on which the prediction method 
was based takes some credit for in- 
ternal gains. However, the aver- 
age electric power consumption in 
homes had increased considerably 
since the formulation of the de- 
gree-day concept which resulted 
from field tests of gas-heated homes 
some 25 years ago. 

Heat released within a resi- 
dence by electrical appliances will 
not provide a direct reduction of 
the heat pump winter power con- 
sumption. There are several rea- 
sons for this. 

First, some of the appliance 
power consumption will occur 
when the outdoor temperature, t,, 
is above 65 F. However, the basis 
of the heat pump operating cost 
estimate is that the heat pump does 
not operate when t, is greater than 
65 F. Thus, insofar as the heat 
pump is concerned, heat added 
above this temperature does not 
reduce its operating time. 

In attempting to take credit 
for internal heat sources, the total 
kwhr consumption of these sources 
was spread evenly over the winter 
season; the appliance power con- 
sumption was presumed to be the 
same each hour of the day through- 
out the heating season. Although 
far from precise, results with this 
assumption are slightly conserva- 
tive. 

The number of hours during 
the winter season that t, is 65 F or 
above is primarily a function of 
locality. For example, in Montgom- 
ery, Ala., during 1067 hr of the 
total 4344 hr of the heating season 
the outdoor temperature is 65 F or 
above. Since the heat pump is not 
operating then, the appliance heat 
during this 1067 hr (25% of the 
season) provides no reduction in 
the heat pump kwhr consumption. 
In Tampa, Florida, the percentage 
rises to almost 50%. 

Secondly, during the time the 
heat pump is operating between 
65 F and the balance point, the 
internal heat sources provide only 
partial reduction in heat pump 
power consumption. For example, 
if the COP of the heat pump is 2.0, 
every Btu of heat supplied by ap- 

(Continued on page 102) 
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Water treatment 


facts and procedures 


water treatment essentials 


Focal point of water treatment is 
not water but the impurities found 
in water. To prove this, samples of 
water from every location in the 
world may be distilled and the re- 
sultant distilled water may be equal 
in quality, but impurities removed 
in the distilling process will vary 
with the location and source from 
which the original sample was 
taken. Distilled water is accepted 
as the standard for pure water and 
from various uses of distilled water 
it is known that scaling, corrosion 
and pitting do not occur as long as 
the water remains in a pure or dis- 
tilled state. The only natural pure 
water known is rain, but it is pure 
only at the exact departure from a 
cloud for as it courses downward, 
rain literally washes the air of 
gases, dust, organic and inorganic 
materials, so that long before it 
reaches the ground, it is no longer 
pure water but has become con- 
taminated with impurities which 
vary according to area and prevail- 
ing conditions. 

Water is the greatest natural 
solvent and cleanser known. Gases 
in contact with water become dis- 
solved gases or acids; inorganic 
materials are converted into scale- 
forming salts; dust into varying 
compositions. 

After reaching the ground, 
rainwater will either remain above- 
ground or pass through the earth 
until it reaches an underground 
level or pocket where it may be 
tapped as a well. If it goes under- 
ground, water adds minerals and 
some gases while water above- 
ground adds gases and some min- 
erals. In other words, if use is 
Olivia P, Burkey is General Manager, Chemical 
Solvent Company. This paper was. presented 
at the Symposium as “Taking the Mystery Out 
of Water Treatment” at the 65th ASHAE An- 


nual Meeting, Philadelphia, Pa., January 
26-29, 1959. 
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made of a well as the source of 
water supply for cooling, it is rea- 
sonable to expect minerals to show 
in higher content than gases or 
acids, and if a surface supply such 
as a river, lake or stream is used 
it is reasonable to expect a higher 
dissolved gas or acid content than 
mineral. A city water supply varies 
according to location and proc- 
essing. Industrial water supplies, 
generally speaking, are raw water 
which have been chlorinated only. 

Regardless of the source of 
supply used, water contains some 
impurities at the time it enters a 
system. The kind and amount of 
impurities are the basis for deter- 
mining whether water is hard or 
soft. Chemical make-up of the wa- 
ter changes every second and the 
degree and amount of change de- 
pends upon the pollution of air in 
the surrounding area. A _ water 
analysis will give a partial picture 
to the problem and scale hardness 
but a more complete picture can 
be gained from an analysis of the 
scale encountered. 


IMPURITIES AFFECT A SYSTEM 


How do impurities and surround- 
ing air affect a water-cooled sys- 
tem? Consider a system on a typi- 
cal spray type atmospheric cooling 
tower as an example. Water en- 
tering the system at the sump is, 
generally speaking, within a tem- 


perature range of 35-95 F and, by 
nature, water has a tendency to 
hold all materials in suspension 
or solution within that range. The 
water passes from the sump to the 
condenser where its temperature 
is increased as it absorbs heat units 
from the refrigerant. As the tem- 
perature of the water increases, it 
releases its unwanted particles and 
these build up on the condenser 
tubes as scale, rust, dirt, corrosion. 

Next, the water hits the spray 
jets, while it is hot, giving off un- 
wanted particles so that a build-up 
begins in the jets. As the water is 
sprayed through the tower, a por- 
tion of each drop is evaporated and 
the portion evaporated goes off as 
pure water. The balance of the 
drop by its own weight falls to the 
sump to start its cycle again. When 
the drop hits the sump the ratio of 
pure water to impure content 
changes so that at the sump there 
is a higher concentration of scale- 
forming and corrosive properties. 
The addition of fresh water at this 
point does not relieve the situation 
so the theory of bleed-off was in- 
troduced. According to this prin- 
ciple, the bleed-off should drain off 
minerals and salts plus other ma- 
terials which have settled to the 
bottom of the sump so that fresh 
water entering the sump could 
reverse the ratio of pure water to 
impure content. Unfortunately, it 
does not work out that way and 
sooner or later either a corrective 
or preventive type of chemical 
maintenance is used. 

Corrective maintenance, which 
means the cleaning of a system, 
can be divided into three parts, 
(a) when, (b) with what, and (c) 
how. 


When to clean — When fouling 0¢- 
curs, clean the system. It is not 
possible to say that cleaning should 
be done at any specified time, such 
as once at the beginning of a sea- 
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son and again at the end, for von- 
ditions vary. 


With what cleaners? — There are 
two types of cleaners on the mar- 
ket: liquid and dry. All are essen- 
tially acid but vary in strength and 
quality. With the exception of 
quite isolated cases, use of liquid 
cleaners is not recommended be- 
cause of the potential dangers to 
both personnel and equipment. Of 
the dry forms available on the mar- 
ket one which will be most effi- 
cient and economical for the in- 
tended use should be chosen. To 
be economical a cleaner may be 
neither the cheapest nor most ex- 
pensive, but it will have to meet 
standards established by user, for 
example: 


Safety — is it going to be safe to 
handle? Is it going to be safe to 
carry in a vehicle or leave in a 
storeroom? 


Corrosiveness — will the cleaner 
be safe to use on the equipment 
or will it eat up the metal it is 
intended to clean? 


Ease of handling and application 
—is the container itself easy to 
handle? Is the material easy to 
handle? Will there be flash-backs 
when the cleaner is added to 
water? 


Evaporation — will the cleaner 
evaporate into the air and cause 
contamination and corrosion? 
Will fumes be dangerous? 


How the cleaner works—Next, con- 
sider the principle on which the 
cleaner works. It may cause scale 
to slough off by working on the 
metal beneath the scale, or it may 
dissolve scale as does muriatic 
acid. A material strong enough to 
dissolve scale may also dissolve the 
metal in the equipment. Since the 
idea is to clean but protect the 
metal surfaces, the proper cleaner 
should disintegrate scale by break- 
ing down the binder in the scale 
and thus reduce it to a harmless 
sludge which may be washed out 
of the system. 


Cleaning procedure—The cleaning 
procedure should be in accordance 
with the manufacturer's instruc- 
tions, Start with a clean sump, or 
in the case of a shell-and-tube, one 
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that has been flushed out first. 
Otherwise, a large portion of the 
cleaning agent is wasted on accu- 
mulated matter which could have 
been removed with water, or from 
a sump, with the aid of a broom 
and dustpan if necessary. Close the 
bleed line. Refill with enough fresh 
water for the pump to pick up and 
pass through the sprays. Calculate 
the capacity of the sump in gal 
by multiplying the length < width 
X depth of water (all in ft) by 7.5. 
Allow an additional 10% for each 
50 to 60 ft of piping. Add the ini- 
tial dosage of the cleaner as recom- 
mended by the manufacturer. Until 
familiar with the product, check 
the progress every 15 to 30 min to 
see that the solution is strong 
enough. This can be checked in 
several ways: one is by watching 
the foaming action in the sump; 
another is by use of test strips fur- 
nished with the product; another 
is by watching the head pressure, 
which is the best way, for when 
the head pressure remains normal 
and constant the system is clean; 
another is by the use of built-in 
color indicators, sometimes referred 
to as pH indicators. The last meth- 
od is not altogether satisfactory for 
as the cleaner does its job the water 
will become increasingly dirty and 
it is not possible to discern the 
color. If the water stayed clear 
enough to tell the color, the cleaner 
would be ineffective. 

As the cleaning action takes 
place, the cleaning agent is used 
and it may be necessary to repeat 
the initial dosage. However, if re- 
peated more than once, drain and 
flush the system before proceeding. 
When the system is clean, flush and 
rinse thoroughly. In spite of their 
strength, the better products on the 





Water treatment is essential in steam heat- 
ing, high and low temperature heating, air 
conditioning, condenser and chilled water 
systems as a means of cutting down or elimi- 
nating those impurities which result in scale 
formation, corrosion, biologic fouling or de- 
struction of all items in the circuit. Here are 
two authoritative discussions as presented at 
the Symposium on Corrosion and Water 
Treatment at the 65th Annual Meeting of 
ASHAE in Philadelphia, January 26-29, 1959. 


market do not require the use of 
neutralizers other than thorough 
rinsing. 

In cleaning an evaporative con- 
denser, the use of a recirculating 
pump with a hose and spray wil 
cut down on cleaning time by pro- 
viding access to surfaces where 
scale has a tendency to stick and 
where flow from the spray nozzles 
is not great, such as near the ends 
of the tubes and around fins and 
baffling. 

Increasing the temperature of 
the cleaner will speed up the clean- 
ing process. Where possible, leave 
the condenser in operation during 
the cleaning operation. In an 
evaporative condenser, it is fre- 
quently helpful to stop the blower 
fan thereby increasing the tem- 
perature even higher. A tempera- 
ture of about 100-120 F is best for 
the purpose. 

In a shell-and-tube or similar 
condenser, it is recommended that 
it be taken out of service to save 
both time and materials. Depend- 
ing on the size of the unit, use 
either an aluminum or steel bucket 
or drum and with the aid of a 
recirculating pump, flush out the 
condenser. Dump and refill the 
container, then add a double 
strength dosage of the cleaner. As 
the material is used, check for 
strength—in this case, by watching 
for foaming action in the bucket 
or drum or by the use of test strips. 
Watch the accumulation in the con- 
tainer; if necessary, dump it out 
and start over. When clean, flush 
with fresh water before putting it 
back into service. 

The purpose of preventive 
maintenance is to cut down or 
eliminate from water the corrosive 
and scale-forming properties. If 
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used in a new system, the material 
chosen should be one which will 
protect the galvanizing, and if used 
in a recently cleaned system, it 
should protect the surfaces where 
the galvanizing has failed or been 
removed. Above all, it must keep 
the heat exchange surfaces free, 
clean and moist, and it must be a 
material which will not be thrown 
out of suspension at temperatures 
above 95 or below 35 F. Otherwise, 
instead of giving the protection 
needed, it will become a part of 
the problem and form additional 
accumulation. Just as a system can 
be undertreated, so can it be over- 
treated. One or the other extreme 
has been the result of using an in- 
jection or slow feed process. 

Some 20 years ago a feeding 
device was introduced to the mar- 
ket. It was a metal cylinder with 
a removable disc at the top to per- 
mit placement of phosphate crys- 
tals inside. The top had openings 
so that it could be adjusted to 
give the desired rate of flow, and 
was equipped with a hook so that 
it could be suspended in the water 
tract or tower. The feeder and ma- 
terial used were withdrawn from 
the market because it was found 
that the material did not dissolve 
but melted, forming a gummy sub- 
stance which adhered to surfaces, 
decreasing the efficiency of the 
heat exchanger and also causing 
corrosion. The use of this material 
required a bleed-off—but even with 
a heavy bleed, a difficult scale for- 
mation often resulted, especially in 
heavy silica areas. 

There are chemicals on the 
market which prescribe that bleed- 
off be discontinued with the use 
of the material and that the system 
be flushed every thirty days. The 
reason is that the bleed-off requires 
an increase of make-up water and 
the resultant wasting and dilution 
of the chemical. This recommen- 
dation usually brings forth the 
question: what about the concen- 
tration of mineral and other harm- 
ful properties in the sump caused 
by evaporation of water? Experi- 
ence has shown that the dirt and 
muck accumulated in the sump are 
sufficient to warrant monthly cor- 
rective action whether bleed-off is 
used or not. Instructions for use 
of many chemicals requiring bleed- 
off recommend monthly flushing. 
It should be pointed out that bleed 
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lines are not always located where 
they accomplish their purpose, but 
are so high above the floor of the 
sump that they take off only top 
water. Many equipment owners 
are continually closing down the 
bleed. Too, there are some towers 
that have been installed where a 
bleed is either impracticable or 
impossible. It should be under- 
stood that the bleed should be used 
if no chemical maintenance is used 
or if the system is not being flushed 
every thirty days regardless of 
whether chemicals are used or not. 


Maintenance aids — Maintenance 
roblems may also be reduced by 
the installation of drains at low 
points in systems, particularly where 
dirt and dust are heavy factors, 
since dirt settles out in water when 
the system is not in operation. 
Raising the pump intake as 
high as possible above the floor of 
the sump will reduce the amount 
of dirt carried into the condenser, 
provided the sump is flushed fre- 
quently enough to prevent a build- 
up and resultant overflow into the 
condenser supply line. 
Consideration of tower loca- 
tion at time of installation will re- 
duce maintenance problems. For 
example, if possible, avoid locating 
a tower over a dusty alley or rail- 
road track and keep it from being 
in the normal down-wind position 
from a_ smokestack, incinerator, 
kitchen or bakery exhaust. An 
evaporative condenser should be 
located away from sources of high 
amounts of reflected heat. 


ALGAE 


The subject of algae has been kept 
apart from the rest of this discus- 
sion because it deserves special at- 
tention. It is sometimes stated that 
algae will not grow at temperatures 
below 60 F. This is not true. Algae 
have been found growing all 
through some systems operating at 
40 F. Learn to recognize algae and 
deal with the situation accordingly. 
For dealing with algae the 
market offers algaecides and algae 
control. The main differences are 
included in the following list: 


Algaecides are selective prod- 
ucts. Any given algaecide may 
be expected to react with certain 
of the family of algae but not 
all seven. An algae control is not 





selective and does kill any form, 
Algae may become immune to 
algaecides on repeated use there- 
by necessitating rotation of prod. 
uct. Algae do not become im- 
mune to algae control regardless 
of the number of times it is used, 
Algaecides kill plant but not root 
system and often act as a ferti- 
lizer to encourage a heavier and 
healthier growth than was origi- 
nally experienced. An algae con- 
trol kills both plant and root. 
Most algaecides have no capac- 
ity for overcoming the obnoxious 
gases released by some of the 
algae when they are killed. An 
algae control does overcome such 
gases because it acts as a de- 
odorizer, sterilizer and sanitizer, 
Algaecides based on either chlo- 
rine, chlorine derivatives or cop- 
per sulphate are capable of de- 
stroying connective fiber in wood 
or wood-fill towers. Algae con- 
trols protect surfaces whether 
wood or metal. 

Most algaecides may be used 
only as correctives — in other 
words, only for removing an 
existing growth. Algae control 
may be used as a corrective or 
as a preventive. If used as a cor- 
rective, the material and accu- 
mulation should be flushed out 
of the system. If used as a pre- 
ventive, the material may be per- 
mitted to recirculate in the sys- 
tem for indefinite periods. 

The material chosen should be 
toxic to the algae not to people. 


SUMMARY 


Water is not the problem; impuri- 
ties are. Figure out elements in the 
surrounding area which are adding 
to the problems. 

Consider safety to personnel 
and to equipment in selecting 
chemicals either of a corrective or 
preventive nature to work with. 
Think carefully in determining 
standards and usage of materials. 

Study the situation prior to in- 
stallation to eliminate barriers 
hazards to efficient operation and 
to facilitate cleaning operations. 
Either at time of installation or 
later, use care in locating drains 
on low points, in raising pump it- 
takes, or in making similar engi- 
neering changes which wil it- 
crease efficiency and cut down om 
maintenance costs and problems. 
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specifying the water treatment 


Water treatment programs must 
provide protection against scale 
formation, corrosion, biologic foul- 
ing or destruction of all items in 
the circuit. Such a statement should 
be included in the Scope in a 
Specification for water treatment. 
Further, a brief description of the 
articular system to be protected 
should be included, together with 
the expected problems to be 
brought under control, such as: 
scale; corrosion, pitting; delignifi- 
cation, etc. 

Scope or preamble to tender- 
ing water treatment companies 
should also include such data as 
source; raw water chemical char- 
acteristics; circulating rates, sys- 
tem capacities; operating charac- 
teristics, i.e., initial and final tem- 
peratures, materials of construc- 
tion; and a schematic layout of the 
system. In addition, whether the 
system is to be located in an urban 
or rural area with possible external 
sources of contamination should 
be noted. This data enables the 
water treating company to assess 
potential problems. 

The consulting engineer or 
architect must be assured that no 
harmful side effects from the pro- 
posed treatment will result to per- 
sonnel operating the plant. If haz- 
ardous materials are to be em- 
ployed suitable prophylactic meas- 
ures for protection of operating 
personnel must be provided and in 
accordance with regional or dis- 
trict health ordinances. 

It is not the engineer’s duty to 
specify the treatment or the form 
treatment will follow. 

Since there is invariably more 
than one method of approach to 
the solution of various water treat- 
ment problems, architects or engi- 
neers should not be arbitrary in 
Tejecting forms of treatment un- 
familiar to them. Factors which 
have influenced the water consult- 
ant’s decision, the results expected 
from the treatment program, to- 
gether with the economics of the 
treatment should be presented. 

Suggested solutions which can 
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not be substantiated in terms of 
fundamental laws of chemistry, 
electrochemistry, biochemistry and 
engineering, when reduced to lay- 
men’s language for quick under- 
standing, should be avoided. There 
must be assurance, however, that 
protection will be provided against 
corrosion, scale formation, etc. 

Further, it is reasonable to 
require that any treating system 
providing protection against corro- 
sion penetration, scale formation or 
biologic fouling should do so with- 
in certain specific limits and that 
control tests, routine inspections 
and the like, demonstrate the ef- 
fectiveness of the treatment to the 
satisfaction of all parties concerned. 
Water treatment companies should 
not operate on the basis of secrecy 
since such practice tends to pro- 
duce mistrust. 
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Proprietary materials are used 
or recommended frequently by 
water treatment companies as a 
means of reimbursement for their 
research, knowledge and experi- 
ence. This engineering “know how” 
must be paid for. Whether it is 
obtained through material sales, 
engineering fees or both is of rela- 
tively minor importance. What is 
important is the certain knowledge 
that the most effective means of 
treatment, application and control 
within the limits of present day in- 
formation is being used. 

Submission of a proposal for 
water treatment should be followed 
by an open discussion of the prob- 
lem, the treatment proposed, its 
composition, methods of applica- 
tion, the concentrations required 
and expected operating results. All 
this for user satisfaction. 

The latter can easily be traced 
starting with the raw water and 
progressing through the various 
steps of pre-treatment if necessary, 
such as sedimentation, color re- 
moval, softening, stabilization, con- 
centration effects and chemical 
characteristics of the circulating 
treated water. Such steps can be 
predicted accurately when all fac- 
tors are known by the water treat- 
ment company. 

The foregoing information 
should be included in any proposal 
submission for treatment, whether 
it be boiler feedwater, high tem- 
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perature hot water, air condition- 
ing or chilled water circuits. 
System losses account for the 
major treating costs in any circu- 
lating system. This is particularly 
true of industrial steam power 
plants where blowdown can, with- 
out heat recovery equipment, sub- 
stantially inflate chemical require- 
ments. In somewhat similar fash- 
ion, spray ponds, natural and forced 
draft aerators in condenser cooling 
circuits rely on thermal losses 
(evaporation) for their effectiveness. 
Windage and blowdown from the 
system are man made losses; there- 
fore, from the water treatment 
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viewpoint, we must rely on tower 
or evaporative condenser manufac- 
turers to continually improve their 
machines to keep this loss to a 
minimum or at least to some prac- 
tical value whereby cycles of con- 
centration can be maintained at an 
optimum value for the specific 
water. 

Usual procedure is to calculate 
the maximum cycles of concentra- 
tion a system will support in keep- 
ing the various salts in solution, 
and hence the total blowdown to 
exactly balance the system. It fol- 
lows, therefore, that any request 
for a treatment proposal submis- 








sion should provide all data re. 
garding expected tower perform. 
ance, if such is to be installed, to 
permit calculations of treatment 
requirements. 

It is desirable to have liaison 
between engineer and water con- 
sultant in the initial stages of sys- 
tem design. Before a specification 
is drawn up for any job, a round 
table discussion with water con- 
sultants is desirable. Such service 
is inexpensive and does in no way 
infer that the engineer is incompe- 
tent. 

In summary, general specifica- 
tions for corrosion control may be 
stated as: 

General corrosion, grooving or 
pitting shall be considered neg- 
ligible when 

(a) The corrosion penetration 

is less than 0.005-0.003 in. depth 

per year of the thickness of 
the transporting line or vessel. 

(b) Pitting shall be nonexist- 

ent. 

Test coupons, rings or nipples 
shall be located at the discretion 
of the engineer with due regard 
to velocity effects. 

The corrosion tester shall be 
capable of demonstrating accu- 
rately corrosion or its absence 
over reasonable periods of time, 
30-60 days. 

The corrosion test procedure 
shall conform to ASTM stand- 
ards or to that described by A. A. 
Berk, U.S. Bureau of Mines, in 
a paper No. 56-A-179 presented 
before ASME in New York City, 
November, 1956. 

The number of tests required to 
demonstrate effective corrosion 
control shall be at the discretion 
of the engineer. 

The frequency of tests shall be 
sufficient to demonstrate conti- 
nuity of acceptable corrosion 
rates. 

Charges for prepared test speci- 
mens and their evaluation if any 
shall be clearly stated in the pro- 
posal. 

Scale formation or sludge in 
circulating waters is resultant from 
either settling solids present in the 
make-up (such as dust, silt, fly- 
ash); bicarbonate salts reversion; 
the solubility products of the sa- 
lines having been exceeded; de- 
struction of one or more portions 
of the system; or the presence of 
algae, slimes, or lignin. 
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Pretreatment of the raw water 
is necessary if turbidity is in ex- 
cess of 5-10 ppm. Scale may be 
controlled through acid feed, re- 
carbonation procedures or both, to 
stabilize the water under the spe- 
cific conditions of operation; fol- 
lowing this with one form or an- 
other of corrosion control. To avoid 
the effect of precipitating normally 
soluble salts, blowdown or decon- 
centration of the system regardless 
of its type is essential. Blowdown 
to maintain uniform values, cou- 
pled with continuous acid feed re- 

uires that the mechanical phase 
of treatment be given considerable 
attention. 

Inadequate feed systems and 
irregular or spotty blowdown con- 
trols are more the cause of unsatis- 
factory results than is realized; 
hence the increasing use of auto- 
matic controls such as pH, auto- 
matic blowdown from conductivity 
instruments, and proportional feed 
devices. With these tools, rela- 
tively constant values are assured 
permitting minor variations to be 
made in treatment concentrations 
for optimum results. Where time, 
temperatures, process and make-up 
quality are not subject to variation, 
automatics are not necessary but 
recording test instruments are none- 
theless desirable. 

Specification for the control of 
scale formation should incorporate 
the following: 

Solids shall be measured by con- 
ductance bridge and recorded on 
suitable forms; the value not to 
exceed ppm or ... microm- 
hos of specific conductance; sol- 
ids shall be manually controlled. 
Where variation is expected, au- 
tomatic conductance control shall 
be employed. 

Where the water for stability 
control requires acid feed, it shall 
be controlled by pH Recorder 
Controller instruments by means 
of air or electrically actuated 
proportioning devices. 

Provision for storage and safe 
handling of concentrated and 
dilute acid forms shall be pro- 
vided. Hand or foot operated 
transfer pumps will not be ac- 
ceptable. 

Corrosion inhibitors shall be fed 
by proportioning pumps, cou- 
pled to make-up inlet meters and 
timers to ensure proportional 
application. 
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Capacity of mixing and day 
tanks shall be sized on 24 hr 
operational requirements. 
Solution strengths of corrosion 
inhibitors in day tanks shall not 
exceed 5%, 

Most recirculating waters in 
open or forced aerating systems 
operating under elevated tempera- 
tures (in the absence of air pollu- 
tion) will tend to stabilize at ap- 
proximately pH 8.3. At this value 
or higher, delignification of the 
wood will result. Wood in itself 
is slightly acidic and its life ex- 
pectancy (apart from biological de- 
struction) is enhanced if such an 
environment can be continuously 
maintained. This is a secondary 
and equally important reason for 
pH control. Recognizing this situ- 
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ation, tower manufacturers are em- 
ploying to greater extent materials 
resistant to alkaline or acidic en- 
vironments. 

Further, elevated temperatures, 
alkaline water conditions and pres- 
ence of cellulose or lignins are 
excellent cultivating media for 
slime, algae and biological growths 
which seriously damage wood struc- 
tures and lower their life expect- 
ancy. 

Assurance of control over these 
features is essential and should be 
incorporated in the specification: 

Slime, algae and biological foul- 
ing (fungi) shall be controlled 
by suitable bactericides. 
Materials employed for the con- 
trol of microorganisms shall have 
(Continued on page 110) 
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There is nothing new about the 
use of centrifugal refrigerant com- 
pressors for stationary air condi- 
tioning and refrigeration systems in 
the large capacity class but a her- 
metic compressor of 25-ton capac- 
ity using Refrigerant-114 built 
within a diametral envelope of 8 
in. and a length of 12 in. inclusive 
of its drive motor is different. Such 
a complete set may weigh no more 
than 34 Ib. Fig. la shows a view 
of such a compressor. Major design 
details in Fig. 1b. 

This was accomplished by go- 
ing to a relatively high speed, cen- 
trifugal design, facilitated by the 
availability of 400-cycle ac power, 
as in aircraft. In comparison, a 
conventional piston compressor for 
a car air conditioning system of 
only 2-ton capacity using Refriger- 
ant-12 usually weighs approx. 50 
lb. To make a self-contained con- 
ditioning system based on this ad- 
vanced compressor design, one 
could think of a gas turbine-gener- 
ator of the small auxiliary type as 
a natural source of 400-cycle power. 
The component arrangement of 
such a system is shown in Fig. 2. 
Note that while the gas turbine 
itself is not shown, the manner in 


Hans K. Ziebarth is Staff Engineer, Turbo- 
machinery Planning of The Garrett Corpora- 
tion. This paper was presented at a Texas 
Section Meeting of the Society of Automotive 
Engineers in Dallas, September 15-16, 1958. 
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Gas turbine machines 





for mobile air conditioning 


Either as prime mover or actuator, the turbomachine is 
effective within a fraction of the weight and installation 
space of reciprocating or positive displacement machines. 
Herein discussed are some recent turbomachine design 
applications as key components of aircraft, ship, sub- 
marine, railroad and automotive air conditioning and 
refrigeration systems. 


which its exhaust is used for heat- 
ing is given in this diagram. One 
of several possible control schemes 
is detailed in Fig. 3. Apart from 
refrigerant flow control, provisions 
for compressor surge protection at 
reduced load must, of course, be 
made. 

Figs. 4a and 4b indicate the 
component arrangement and ap- 
pearance of an integrated cabin 
pressurization and air conditioning 
system for a modern jet airliner. 
A synthetic refrigerant cycle is 
used in connection with a turbo- 
compressor which raises ambient 
high altitude, low density air to 
the cabin pressurization level. The 
turbocompressor which is driven 
by a variable-nozzle position power 
turbine is shown in Fig. 7. 

Self-contained aircraft air con- 
ditioning systems may also be de- 
signed on a pure air-cycle basis 
when rapid pull-down require- 
ments on the ground are less se- 
vere. 

Fig. 8a gives the schematic 
arrangement of a system of this 
type, and Fig. 8b, a typical air- 
cycle cooling unit. In this case, an 
auxiliary gas turbine furnishes, 
again, the primary energy for the 
system in the form of pneumatic 
energy, i.e., compressed air, ex- 
tracted from the gas turbine com- 
pressor. A penalty comparison be- 











tween synthetic refrigerant and 
air-cycle systems is charted in Fig. 


The first step from airborne to 
ground use of highly compact and 
efficient turbomachine air condi- 
tioning systems of this type has 
been made recently in the appli- 
cation shown in Fig. 5. Design 
specifications for this air condition- 
ing system for a missile ground 
support van called for relatively 
high capacity, greatest compact- 
ness and lightest weight. To satisfy 
these requirements, it appeared 
logical to see what could be done 
with components used in an ait- 
borne system. Since 400-cycle ac 
power was available, it was pos- 
sible to use the centrifugal syn- 
thetic refrigerant compressor de- 
veloped for a commercial jet ait- 
liner air conditioning system. 

The total weight of the pri- 
mary functional components of 
this missile ground support system 
is about 200 lb. Packaged, this 
7-10 ton air conditioning system 
has a weight of only 450 Ib. This 
compares with a 4000-Ib weight for 
a system of conventional design 
using 60-cycle power and a recip- 
rocating or rotary type of compres 
sor. This weight ratio of approx. 
1:10 has been achieved, however, 
at a price of some increase in spe 
cific power consumption: small 
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heat exchangers having higher 
pressure drops will require more 
fan power. Nevertheless, it would 
appear that, even with a lesser de- 
gree of compactness and weight 


minimization in the interest of 
quiet operation as well as of spe- 
cific power consumption, and as a 
result of availability of 60-cycle 
power only, a reasonable and yet 
worthwhile compromise design so- 
lution could be found between air- 
craft and commercial ground appli- 
cation design concepts. Some per- 
tinent examples of refrigeration 
capacity requirements for mobile 
installations will illustrate this 


point: 














Fig. 1 25-ton 
centrifugal com- 
pressor. (B) Cross- 
sectional view of 
the motor driven 
unit using syn- 
thetic refrigerant 


Looking somewhat into the fu- 
ture, designers of “monorail” 
coaches may well be faced with an 
air conditioning problem compara- 
ble in severity to that encountered 
in aircraft applications. 

For transportation applications 
such as these, some consideration 
must also be given to the over-all 
installation and operational penal- 
ties incurred. Aside from the direct 
power requirements to drive the 
system itself, the indirect power 
consumption to propel or pull the 
weight of the system can become 
of appreciable magnitude. In the 
case of railroad passenger car air 
conditioning, assuming modern 
light-weight design of the rolling 
stock itself, the weight of the re- 
frigeration equipment for a 10-car 
train will at least be equivalent to 
the weight of one car, or of 10% 
of total traction load. If advanced, 
light-weight turbomachine air con- 
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ditioning systems are used, it is 
estimated that this figure could be 
reduced to about 2%. Since such 
air conditioned railroad passenger 
cars have their own individual 
power sources, the provision of 
400-cycle instead of 60-cycle power 
for such major auxiliary services as 
air conditioning may well be a 
practical proposition for new equip- 
ment. 

Similar considerations prevail 
in the provision of air conditioning 
and refrigeration for shipboard use. 
Apart from the implications of in- 
stalled dead weight on propulsive 
power requirements — a number as 
high as 30 hp per ton may apply 
for fast high-powered vessels — 
there are considerable implica- 
tions of installed dead weight on 
vessel structural weight. A factor 
of as high as 1:7 has recently been 
quoted for atomic submarines. 
Structural weight implications for 
stability reasons are especially 
awkward when the equipment is to 
be installed in a relatively high lo- 
cation in the vessel's structure, as 
it would be most desirable for air 
conditioning of passenger accom- 
modations. 

Contrary to the rather wide- 
spread notion that small turboma- 


Fig. 2 Missile ground sup- 
port air conditioning system 
showing the manner in which 
the gas turbine is used for 
heating 
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chines running at speeds from 30,- 
000 to 60,000 rpm could hardly 
meet the reliability standards gov- 
erning commercial applications, 
cabin pressurization and air condi- 
tioning turbomachinery as installed 
in commercial airliners has, in 
many instances, accrued a mainte- 
nance-free service life of well over 
10,000 hr. Turbochargers on indus- 
trial diesel engines running at 
speeds of up to 50,000 rpm with 
their turbine wheel exposed to 
1500 F exhaust gas have accumu- 
lated similar trouble-free running 
hours with the original set of ex- 
tremely close-tolerance bearings. 

From a viewpoint of safety of 
operation, it may be worthwhile 
mentioning that operators, in the 
case of many truck engine-turbo- 
charger installations, virtually sit 
on top of such rather “hot” turbo- 
machinery yet give it no more 
thought than to any other standard 
engine accessory. In view of this, 
small high-speed centrifugal syn- 
thetic refrigerant compressors of 
the type described earlier running 
“cold” at speeds of below 24,000 
rpm can definitely have sufficient 
reliability and built-in safety to be 
considered for any commercial 
application. 

Compared to compressors of 
the reciprocating or positive dis- 
placement type, the inherently 
higher capacity per cu ft of instal- 
lation envelope of high-speed cen- 
trifugal compressors results in an 
extremely compact machine even 
for capacities up to 50 ton, as 
pointed out above. In this capacity 


64 


Fig. 5 Interior view of 
packaged air condition- 
ing system for ground 
use. This 7- to 10-ton 
system has a weight of 
only 450 Ib. 


Fig. 6 Gas turbine, 
small and compact, de- 
signed for industrial 
use 
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range and, using multiple instal- 
lations, even up to capacities of 
150 ton, small high-speed turbo- 
machine air conditioning systems 
using mass-produced components 
could be considerably lower priced 
than conventional systems for cor- 
responding duty. 

Another factor greatly in favor 
of small size, light weight refrigera- 
tion equipment would be the ease 
with which such equipment can be 
installed, as well as serviced and 
repaired. Any increase of capacity 
desired later on would only entail 
installation changes of rather lim- 
ited scope; whereas, for instance, 
in the case of marine equipment, 
the accommodation of increased 
capacity for conventional equip- 
ment in the 50-100 ton capacity 
range would be an undertaking vir- 
tually impossible without changes 
in the ship’s structure. 

It seems plausible that the al- 
together different physical charac- 
teristics of refrigeration and aif 
conditioning systems of the pro- 
posed advanced type will alter the 
picture of equipment life require- 
ments drastically, too. Whereas the 
high first cost and the considerable 
hardware bulk and weight of air 
conditioning equipment of conven- 
tional type, with the extensive 
structural installation provisions re- 
sulting therefrom, make it manda- 
tory that such equipment has a life 
of many years, this requirement 
could be relaxed considerably if 
original installation and exchange 
of components, or even of complete 
systems, is easy as a result of the 
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Fig. 4 Schematic (A) 
of vapor-cycle system 
for jet airliner, with (B) 
one of the complete 
turbocompressor con- 
denser assemblies 





small weight and space require- 
ment of advanced turbomachine 
systems. : 

Considering, as an example, a 
conventional refrigeration system 
of 50-ton capacity for a naval ves- 
sel, disassembly and exchange of 
major systems components as neces- 
sitated by battle damage would be 
a job virtually impossible during 
the ship's mission. Supposing, on 
the other hand, the vessel to have 
an advanced, light-weight system, 
component bulk and weight would 
be so small that spare components, 
even of compressor size category, 
could easily be taken along on a 
mission and quickly installed when- 
ver an emergency arises. 

Similar considerations would, 
of course, apply to many commer- 
cial marine applications where 
complete duplication of refrigera- 
tion equipment of conventional 
type is often resorted to when 
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carrying temperature-sensitive car- 
goes. Systems of the advanced type 
offer many advantages for decen- 
tralized, independent and remote 
installations especially of interest 
for naval use. 

Unfavorable specific power 


Fig. 7 Turbocompressor for 
cabin air supply, driven by a 
variable-nozzle position pow- 
er turbine 





consumption characteristics of air- 
cycle refrigeration systems when 
compared to vapor-cycle systems 
would, at first sight, seem to ex- 
clude them from application areas 
other than aircraft (where medium 
pressure, pneumatic energy can be 
rather conveniently extracted from 
the main propulsion system). How- 
ever, systems of this type, for cer- 
tain _ transportation applications, 
should not be excluded altogether 
from any discussion of light-weight 
air conditioning and refrigeration 
systems on the basis of today’s 
technical perspectives. 

For instance, air at pressures 
suitable for air-cycle refrigeration 
would be available wherever gas 
turbines are used. These cases can 
be expected to become increasingly 
numerous in the near future in the 
transportation field. Since the gas 
turbine is an extremely versatile 
energy source, even its exclusive 
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use as primary energy source for 
advanced, light-weight air condi- 
tioning and refrigeration systems 
would warrant some consideration. 
A gas turbine of the small auxiliary 
type, weighing in the order of 500 
Ib with an over-all diameter of 30 
in. and 60 in. length, could furnish 
primary energy for about 200 ton 
of refrigeration. Of this capacity 
approximately 15% could be per 
air cycle, 22% per synthetic re- 
frigerant cycle and 63% per an ab- 
sorption system. 








TOTAL WEIGHT 1106 LBS 


The air-cycle system would 
use compressor bleed air, the syn- 
thetic refrigerant system, mechani- 
cal energy and the absorption sys- 
tem, exhaust heat. Such multi- 
purpose use of a gas turbine could 
be considered in such cases where 
refrigeration cycles of different 
types would be desired; for in- 
stance, air conditioning for passen- 
ger accommodations and refrigera- 
tion on different temperature levels 
or by different media for provision 
and cargo holds. Fig. 6 shows a 


Fig. 9 Penalty chart comparing refrigerant and _air- 
cycle systems in a 6-hr flight, 35,000 ft cruising speed. 
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Fig. 8 Air cycle sys- 
tem (A) for jet airliner. 
(B) Compressor -expan- 
sion turbine assembly. 


Beare Ae Compressed air extract- 


ed from the gas turbine 
compressor furnishes 
the primary energy. 





compact small gas turbine designed 
along industrial lines. 

Great adaptability to fuels of 
widely varying types and quality 
and high-speed capability allowing 
direct drive of small, fast centrifu- 
gal synthetic refrigerant compres 
sors are other features making the 
gas turbine a highly suitable pr 
mary energy source for advanced 
types of air conditioning and re- 
frigeration systems. 

There is good reason to feel 
that the judicious application 
certain system and component dé 
sign concepts evolved in the area 
of aircraft air conditioning to 
mobile and vehicular sector of com 
mercial use can be made to re 
in highly worthwhile advances. 
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Effect of fin bond 


on heat transfer 


During the actual manufacture of 
fin and tube heat transfer surfaces 
there are a great many questions 
that must be answered continu- 
ously. One of the problems that al- 
ways arises is to determine when 
tools or methods must be changed 
to avoid an inferior product. Fre- 
quently these questions are decided 
on the basis of opinion and quite 
often it would be much better if 
numerical data were available as a 
guide. 

In the plant of a large manu- 
facturer this question came up and 
the cost of repairing tools was 
found to be excessive; it was 
considered an unnecessary expense 
because there was a feeling that 
the tube expansion and cracked fin 
collars had but little effect anyway. 
It was as a result of the testing 
that was undertaken to evaluate the 
true importance of fin bond that 
the system described in this paper 
was evolved. The system proved so 
successful as a means of controlling 
quality and also as a design tool in 
improving fin construction, that it 
was used continuously. 

The description of tests applies 
to specific samples in this work be- 
cause this type was available in 
quantity, but the plan can apply to 
any fin and tube assembly where 
the fins are continuous between two 
or more tubes. Basically, the idea 
was that if two adjacent tubes were 
connected by fins and cold water 
Was passed through one tube and 
hot water through the adjacent 
tube, the temperature change in the 
water would be an index of the con- 
David M. Dart is Assistant Div. Manager, 
Refrigerants Div., Marley Company. The tests 
ey = a basis for this paper were conducted 

General Electric Company. This p 
Was presented at the 45th Semiannual Meeting 


aA SRE in New Orleans, La., December 1-3, 
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ductivity between the tubes, pro- 
viding there is no convection heat 
transfer at the same time. If the 
contact between the two tubes were 
perfect, the water change would be 


some value, say one hundred, and 
if there were no contact, the water 
temperature change would be zero. 
Any value between is then an index 
of thermal conductivity. This plan 
was followed and it was unneces- 
sary to harm the six tube samples 
used for the test. The basic ar- 
rangement is shown in Fig. 1. 


FLOW MEASURING DEVICE 








Fig. 1 Test circuit 


This entire assembly was en- 
closed in an insulating blanket to 
eliminate convection which then 
meant all of the heat transferred 
was required to pass between the 
tubes as shown in Fig. 2. 
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Fig. 2 Heat flow path 














Based on Fig. 2, it is apparent 
that the heat being transferred 
must pass through two fluid film 
coefficients, through two tube walls, 
through two fin bonds, and also 
through the inter-connecting fins 
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themselves. The method used, 
briefly, involved using the same 
water flow by connecting the hot 
and cold tubes in series and elimi- 
nating the water coefficient by a 
Wilson Plot. Transfer through the 
tube wall is straight conductivity 
through copper and is relatively 
short, so that thermal conductivity 
variations in the copper are rela- 
tively unimportant. The heat path 
through the fin bond would vary, 
depending upon manufacture, but 
to establish constants, a soldered 
fin and tube assembly was used and 
the bond conductivity, because of 
the solder, was considered infinite. 


On this basis, the remaining 
heat transfer was through the fins 
and involved a length and cross sec- 
tion of fin and conductivity of the 
material. Knowing the conductivity 
of the fin material on a soldered 
copper sample, all of the variables 
were known except the heat path 
in the fin, which was then deter- 
mined as a constant for this par- 
ticular tube and fin configuration, 
Using this constant then made it 
possible to test other samples using 
expanded fin bond and other fin ma- 
terials simply by substituting con- 
ductivity of the new material and 
solving for the fin bond. 

This method has been used soa 
successfully that a test facility as 
shown in Fig. 3 was made permit- 
ting quick, accurate, non-destruc- 
tive testing. For use with this set- 
up a simple calculation sheet was 
prepared enabling an operator to 
accurately take readings and make 
calculations necessary for effective 
quality control. In order to permit 
others to evaluate this system and 
perhaps apply it to their product, 
the following explanation in consid- 
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gives some conclusions along with 
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recommendations for possible fu- 
ture work. In addition, a deriva- 
tion of the constants and a descrip- 
tion of the method are presented 
tor those interested in greater 
detail. 


OBJECT OF TEST 


Purpose of the project was to de- 
termine effectiveness of expansion 
bond between copper tube and alu- 
minum fin; to establish methods 
and determine constants to make 


conductivity 


TUBE EXPANSION IN 


RESULTS OF TESTS 


Table I gives a numerical summary 
of results for the 11 samples tested. 
Sample 5 is typical of expected pro- 
duction, as far as expansion is con- 
cerned. Samples 3 and 4 are typi- 
cal of production for a period of 


1 
m—— INCHES 
1000 


bond conductivity as a function of 
the tube expansion for all samples. 
The bond conductivity given is 
most significant on a comparative 
basis, and the absolute numerical 
value can only be used with con- 
siderable understanding. 
Definition of fin bond conduc- 


comparisons of aluminum fin or ex- time when tools ta beeps er tivity: “On a sufficient length of 
panded copper tube heat transfer "8 this time, a loss of 3.2 /o 1 tube to have an inside area of one 
surfaces with copper fin on cop- OVerall coefficient as applied re- (1) square foot all fin collars com- 


per tube soldered heat transfer sur- 
faces; to evaluate net effect of fin 
thickness, material changes, and 
method used to bond fins to tubes; 
to arrive at a means for effective 
quality control based on a reliable 
check of the end result desired in 
a heat transfer surface, namely its 
ability to transfer heat. 


sulted. 

The use of 0.006-in. fin ma- 
terial stacked 10 per in. and ex- 
panded 0.009 in. (see samples 10 
and 11) gives essentially the same 
overall coefficient as the 0.010-in. 
fin stacked 9 per in. (see sample 5) 
and expanded 0.004 in. 


bined have an effective conductiv- 
ity known as C,. Since the number 
of fins per inch varies on samples, 
this value of C, divided by ‘fins 
per inch’ is used as the basis for 
comparisons.” Fig. 4 shows effect 
of C, per fin per inch with tube 
expansion. The 0.010-in. fin ma- 
terial shows a steady increase with 





Fig. 4 is a plot of the fin collar 








TABLE | 
Results of Fin Conductivity Tests 

Sample Number | 2 3 4 4A* 5 6 7 8 8A** 9 10 I 
Fin Material Copper Aluminum Al Al Al Al Al Al Al Al A Al Al 
Fin Thickness (in.) .0056 010 010 .010 010 §=.010 006 .010 .006 .006 .006 006  .006 
Tube Wall Thickness (in.) .025 025 = .018 018 O18 018 018 018 .025 025 025 018 018 
Tube Expansion — 007 .0015 .0015 .0015 .004 004 .004 .007 .007 .007 .009 —.009 
Fins Per In, 9.08 9.03 9.05 9.13 9.13 9.05 8.95 9.45 9.13 9.13 9.88 10.32 9.85 
Fin Collar Condition Soldered good good good good good cracked good cracked cracked cracked good good 
UF From Test (Inf. hw) 00717 .00724 .0086 .00882 .00789 .00776 .01334 .0073 .0122 .001175 .01138 .01025 .0107 
Overall Coefficient of Test 139.5 138 1161135 127 128.8 75 137.1 82 85.1 88.2 97.5 935 
Bond Conductivity C, Infinite 2130 3= 84 755 1160 1300 683 1497 910 1155 924 1470 1840 
Bond Conductivity C./Fin/In. e 236 93 83 127 144 76 =: 158 99 126 93.5 142.5 187 
Fin Conductivity 557 655 645 650 650 643 385 670 400 400 434 440 4i17 
Fin Conductivity % Copper 100 118116 117 117, 115.5 69.5 120.5 72 72 78 7? a 
Equivalent Overall Coefficient 555 498 364 349 415 429 246 836 461 278 296 295 336 09-327 

U. at infinite hw 
Equivalent Overall Coefficient 100 89.8 655 62.9 74.8 77.3 44.2 83 50 53.3 53.1 60.5 58.8 

U., % Copper 
ous poaaeralast U based on 82.0 80.3 76 75.5 78.2 785 688 8i.! 71.8 72.8 76 80.0 776 

Ue a — 8, hw = 300 
Overall Coefficient U % Copper 100 98 92.8 92 95.4 9% 83.9 99 87.8 88.8 93 (975 945 





* Sample 4A same as sample 4 except treated with cold setting resin; not heated to cure resi 
** Sample 8A same as sample 8 with two coats of 1248 red glyptal paint applied. Each air dried and baked at 350 F. 
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Fig. 5 Equivalent overall coeffi- 
cient at infinite water coefficient 


greater expansion. The 0.006-in. 
fin material compared with 0.010-in. 
material has less bond conductivity 
for the same expansion, but has ap- 
proximately the same value at 
0.009-in. expansion as the 0.010-in. 
material at 0.004 in. expansion. 
The 0.006-in. material with cracked 
collars is poor and increases only 
slightly with greater expansion. 

A calculation sheet was pre- 
pared to permit quick calculation 
of test results. 


CONCLUSIONS 


1. The method provides a useful 
tool to control the heat transfer 
quality of a finned surface hav- 
ing a continuous fin over two 
or more tubes. 

The sample being subjected to 
test is not harmed by the test. 
3. The constants obtained in 
these tests are a function of 
this particular fin and tube 
geometry, and would need to be 
determined by test for any 
other geometry. 

. The use of mean temperature 
difference is obviously an ap- 
proximation due to the compli- 
cated heat flow path. This in- 
troduces variations in the nu- 
merical value of overall co- 
efficient, however, on a com- 
parative basis, the effect is 
small, is complex to evaluate, 
and is neglected. If the tests 
were being started again, cir- 
cuiting would be adjusted to 
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Fig. 6 Factor “F” water 
temperature correction 


give a closer approach to 


counterflow. 


. Effect of sample length was not 


evaluated by test. There is no 
reason to believe that this is 
critical, however. 


. The final comparison of heat 


transfer coefficient, including 
two fluid film coefficients, is not 
necessarily reliable in absolute 
value. This is because the val- 
ues of conductivity from these 
tests were based on assumed 
areas, heat path length, and 
mean temperature difference 
which abrogates their numeri- 
cal value to some extent. The 
film coefficients however, are 
absolute values, and the sum 
of the two indicates the trend 


SISTANCE ADJUSTED To 50 


= 


only, without exact correlation 
to specific coefficients encount- 
ered in air conditioning. 


. This is a notably severe testing 


method that amplifies fin bond 
conductivity permitting de- 
tailed study of bonding method 
and fin collar construction to 
achieve high conductivity be- 
tween tube wall and fin. 


. Fig. 5 indicates the equivalent 


overall coefficient U, as a % of 
soldered copper and shows that 
the 0.010-in. thick fin can be 
about as effective as soldered 
copper if there is adequate ex- 
pansion and collars are continu- 
ous. The 0.006-in. fin, however, 
in this tube size, could not have 
the equivalent coefficient indi- 
cating mechanical weakness. 


. Loss of overall coefficient at in- 


finite h, (U,) as a result of fin 
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Fig. 7 Overall resistance 

from tests “Wilson Plot” to 

eliminate water coefficient 


bond only, samples 5 and 3, is 
429 to 364 or 15%. This is 
not the net effect in an air con- 
ditioner, but does represent a 
loss that can be regained at no 
cost. The net overall coefficient, 
when taking into account water 
and air side film coefficients for 
samples 5 and 3, shows 78.5 to 
76, or a loss of only 3.2%. On 
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10. 


11. 


12. 


70 


this basis, the change is quite 
slight, but it is reasonable to 
assume that if this loss is not 
critical, it is economically better 
to: 


Increase the bond conductivity 
which costs no money. De- 
crease the fin thickness to save 
money. In this case, sample 5 
could have the fin thickness re- 
duced from 0.010 to 0.008 in., 
or a saving of 20 % and still 
have an overall coefficient of 
92.8, which is the same as 
sample 3. 

Cracked fin collars introduce a 
serious loss in bond conductiv- 
ity and this cannot be regained 
by increased expansion. 

The actual conductivity of the 
fin material is critical and must 
be known. It was found neces- 
sary to evaluate this conductiv- 
ity to permit analysis of re- 
sults. The method found satis- 
factory was to assume that 
thermal conductivity and elec- 
trical conductivity are propor- 
tional. Strips of the copper 
and aluminum fin stock actually 
used were cut 6 in. long and % 
in. wide, and their electrical re- 
sistance measured and adjusted 
based on the actual measured 
sample area. The relative con- 
ductivity factor K, was then 
determined. These values 
were: 


K, = 1.000 for sample 1 
.665 for samples 2 


through 11 


Two samples were treated after 
initial tests as follows: 

Sample 4 was treated with a 
cold setting resin. This was 


13. 


14. 


not heated to cure the resin. 
Sample 8 had two coats of 1248 
red glyptal paint applied, each 
air dried and then baked at 
350 F for 30 minutes once. 

These samples both increased 
after treatment. The resultant 
conductivity was 127 and 136 
(see Fig. 5). It may be coinci- 
dence that these are the same, 
but indications are that a paint 
type bond will raise the con- 
ductivity to a fixed value re- 
gardless of initial expansion 
and actual material. On the 
basis of samples tested, expan- 
sion is more effective than ad- 
hesive bonding. 


Due to differential expansion 
between the copper tube and 
aluminum fin with temperature 
changes, an adjustment must 
be made to permit comparisons. 
Fig. 6 adjusts all values to 
50 F which is considered a 
normal air conditioning tem- 
perature. This curve indicates 
an appreciable loss at higher 
temperatures. If projected to 
steam temperatures the loss 
would appear prohibitive. This 
is not a correct deduction how- 
ever, because in these tests 
there was no air flow over the 
finned surface and fins and 
tubes reached the same temper- 
ature. As applied in an air con- 
ditioner, there is greater cool- 
ing effect on the fins which 
completely changes this effect. 
It is probable, however, that 
hot coils lose some capacity at 
operating temperatures. 

For all runs the water coeffi- 
cient was eliminated using a 
Wilson Plot and extrapolating 


to infinite water velocity. Fig, 
7 is this plot with the basis of 
the plot being 


1 2 
Vs. ; 
UF hy, 





. In the process of making these 


tests several additional tests 
suggested themselves. These 
were not run, but are listed 
here for possible future use. 

The effect of sample length 
was not evaluated. 

The effect of circuiting was 
not evaluated. 

The test of a six tube sec- 
tion to use a standard part 
without alteration was expedi- 
ent. The use of a two tube 
section having true counterflow 
was not tried. Perhaps any two 
adjacent tubes in a six or more 
tube section would give better 
results because it would be true 
counterflow. 

The determination of fin con- 
stant C, has several assump- 
tions. An actual conductivity 
measurement from tube to tube 
in a fin could be made by some 
method having infinite contact 
conductivity inside each fin 
collar. This measurement 
would then include fin area, 
length and conductivity of ma- 
terial. 

Electrical measurement of 
resistance from tube to tube 
could conceivably give the same 
information determined by 
these tests. This would be an 
electrical instead of thermo 
dynamic method. Elementary 
trials indicate contact resist- 
ance is a serious impediment 
to such studies. 


DERIVATION OF EQUATIONS AND CONSTANTS 


Q = total heat transferred in Btu/hr. 


(t2— ti) + (ts— te) 








F = temperature correction factor. 


Fig. 6 





= Cw Ww Btu per hr. 
2 Overall transfer. (See Fig. 2) 
lr lr Overall coefficient from fluid h to fluid ¢ 
An = — X38 Xa= a; sq. ft. 
12 1 2 2 2 1 
a, — .151 for % X .025 tube—sq. ft./running ft U i hy A: a A Ks Kz Az - K; As 


of tube 


a:—.155 for % X .018 tube—sq. ft/running ft 


of tube 
(t.— ti) + (te — te) 


8n = = avg. mean temp. diff. F. 





2 


K,A 
let C; = 





l; 





1, l, 1, 


Determination of fin proportion constant C: 


fin bond conductivity (to one tube) 
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A: = 1.0 sq. ft. (This is the basis for all calcula- 
1 


tions and equals — linear feet of tube) 











a 
12 ne te We 
3—— 
lt ai 
Substituting: 
1 2 2 2 1 
— +  — FF Fe me Sioaniaiels 
UF he K, C, 12 nete / we 
ee K; Eee 
l le ai lL 
We 
mC, = , solve for C: 
3 
1 
(12 Kane te ( 1 2 2 2 
le a wT kh Ba © 


solve based on soldered copper surface tested. 
hw = infinite 
C: = infinite 
K, = Ki = 2640 for copper; Btu/hr/sq. ft./in./F. 
F = 1.0 for soldered copper 
1], = wall thickness in. = .025 


Nr = 486 
te = .0056 
le = 53.5 
a: = .161 














K; = 2640 for copper tube 
K, for aluminum fins = 2640 Ker 











2 
Ci = 
1 2 21; fe as 
UF he 2640 12% 2640 Kr ne te X.0131 
2 
Ci = 
1 2 L le ai 
UF he 1820 418 Kenets 


Fin conductivity as used in an air conditioner, assuming 
heat path length is 4 the tube centerline distance 





4 1652 Ke Ne te 
Fin Conductivity = = 
le as l_ as 
413 Ke nc te 


Equivalent overall coefficient U. includes tube wall, fin 
bond, and fin only, but no fluid film coefficients. 











1 
U.= 
1 1 1 
K; Ci 1652 Ke Nt te 
1, le ai 
1 
U.= 
L 1 le as 
<maenaa ao encase cane RNNpLCGRNENENED 
2640 C; 1652 Ke Ne tr 


Overall coefficient with air side coefficient of 8 Btu/hr/sq. 
ft./F and water side coefficient of 300 Btu/hr/sq. ft./F 














or C: = adjusted for actual number of fins/in. 
1 1 
10650 (——- — .00002) U= 
UF 1 1 1 
substituting UF = 139.5 (From soldered copper test U. 300 17.5 X 8 
results) i aati 
C; = .0131 9 ee 
Fin Bond conductivity, to one tube ne 
Kes _ 2 ec ; 
ls 1 2 2 1 ae lr 
Ga Mae x i ia BR +— 
UF kh.  -. Biomed Ue. = 800 15.6 ns 
——_—_—__—___—_. Note 17.5 is the ratio of the air side area to the inside 
1, le ai area for 9 fins per in. 
SYMBOLS 


a, Tube inside area per running foot of tube, sq. ft. 
A, Tube inside area, sq. ft. 

A; Equivalent area for fin collar heat path 

A; Equivalent area for heat path through fin 

A, Inside tube area of “hot” tube, sq. ft. 

A: Tube inside area for reference 1.0, sq. ft. 

C, Fin bond conductivity ° 
Cy~ Specific heat water 

Fin proportion constant 

F Correction factor to adjust U to equiv. at 50 F 

h. Air side heat transfer coefficient, Btu/hr/sq ft./F 
he Water side heat transfer coefficient, Btu/hr/sq. 


ft./F 
K, Tube wall conductivity (use 2640 Btu/hr/sq. ft./ 
in./F for copper) 
K, Fin contact conductivity 
K, Fin conductivity (use 2640 for copper) 
Ke Ratio conductivity of aluminum fin to copper fin 
1, Length of heat path through tube wall, in. 
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1, Equivalent length of heat path at fin collar 
1, Equivalent length of heat path through fin 
le Finned length, in. 
ne Number of fins 
©. Mean temperature difference, F 
Q Total heat transferred, Btu/hr. 
R_ Ratio of finned surface outside area to tube in- 
side area 17.5 for 9 fin 
t, Water temperature entering first pass, F 
t. Water temperature leaving first pass, F 
ts Water temperature entering second pass, F 
t. Water temperature leaving second pass, F 
te Thickness of one fin, in. 
Atm Mean water temperature change, F 
U Overall heat transfer coefficient, Btu/hr/sq. ft./F 
U. Equivalent overall coefficient (at inf. water 
coeff.), Btu/hr/sq. ft./F 
w: Effective width of fin, in. 
W. Weight flow, lb/hr 








The 


A little over a year ago, education 
began to emerge as a topic of pri- 
mary interest to the American peo- 


ple. Fanned by events of grave 


national importance, this interest 
soon resulted in a debate that has 
often been conducted more along 
the lines of an argument than along 
those of an examination or a dis- 
cussion. Almost everyone has be- 
come involved in this debate. A 
vocal naval research officer made 
his name known throughout the 
land by advocating a return to the 
“three R’s.” A nationally syndi- 
cated political analyst found virtue 
in the Little Rock situation because 
it forces the students into private 
schools, which are, he claims, su- 
perior to the public ones. Indus- 
trial leaders delivered speeches 
extolling the value of a liberal edu- 
cation while their recruiters con- 
tinued to search for technically 
trained graduates. A famed econo- 
mist has advanced a “buy-now, 
pay-later” plan to finance higher 
education. The list could be ex- 
tended almost endlessly. 

Of course, those charged with 
the responsibility for the education 
of our youth—the teachers and ad- 
ministrators of our schools, colleges, 
and universities — added their voices 
to the debate. Perhaps because of 
their many years of comparative 
isolation from public scrutiny, they 
seemed unprepared for this op- 
portunity to explain their work and 
their needs and to enlist popular 
support for their programs. Rather 
than dealing with fundamental is- 
sues, many of them chose instead 
to parade their quarrels with others 
of their profession and to air their 
private squabbles. 

The debate has centered 
around such subjects as quality 
versus quantity, the sciences versus 
the humanities, the “three R’s” ver- 
sus progressive education, public 
support versus private. Undergird- 
Dr. Eric A. Walker is President of the Penn- 
sylvania State University. He, in part, thus 


addressed the 65th Annual Meeting of ASHAE 
in Philadelphia, Pa., January 28, 1959. 
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morning: alter 


for education 





ERIC A. WALKER 


ing everything else has been the 
question of who is to pay for edu- 
cation in our country —and_ this 
question, in turn, has implications 
concerning the objectives of educa- 
tion. Even the previously accepted 
position that mass education is 
requisite to the proper operation 
of a democracy has been chal- 
lenged. Over-all, the debate has 
been marked more by prejudice 
than by knowledge, more by opin- 
ion than by fact, more by vested 
interest than by public concern. 


THE SEARCH DEFINED 


We can no longer afford to indulge 
ourselves. It’s time we took a sec- 
ond look to find out what the de- 
bate has so far produced, to gather 
some hard facts about American 
education, to find out what we 
need to do to improve our educa- 
tional offerings, and to set about 
doing these things calmly and ener- 
getically. We must find out where 
we are and where we wish to go — 
and then we must chart a course 
that will get us there. , Primarily, 
we must come to some hard deci- 
sions about what we teach; how 
we teach it; to whom we teach it; 
how much we should: support the 
teaching of it, both financially and 
morally; and how that financial 
support is to be channeled from 
the people of our country to our 
schools and colleges. 


Statisticians, working from cen- 
sus figures, have pointed out that 
our colleges and universities will 
have to enroll twice as many young 
men and women by 1970 as were 
enrolled in 1955 simply to maintain 
the same ratio of college going, 
Actually, more than twice as many 
young Americans will be clamoring 
for college entrance in 1970 than 
were enrolled in 1955. 

The implications of these com- 
putations were soon apparent to 
everyone. They meant that we 
should have to build within just 
15 years as many classrooms, labo- 
ratories, libraries, and residence 
halls as were erected in the entire 
300-year history of American higher 
education up to that time. It meant 
that, if these youngsters were go- 
ing to be taught through traditional 
methods and techniques, we should 
have to double the faculties and 
staffs of our colleges and universi- 
ties. And the cost, it was quickly 
pointed out, would be more than 
twice the present annual cost of 
our programs of higher education. 
For one thing, the expansion would 
have to be carried out during a 
period of continuing inflation, with 
steadily rising costs along the line. 
For another, teachers had not shared 
proportionately in the general in- 
crease in purchasing power the 
American people had been experi- 
encing since the conclusion of 
World War II, and wages and sal- 
aries for faculty and staff members 
would have to be increased sig- 
nificantly if we were going to be 
successful in encouraging young 
men and women to enter teaching 
and in retaining those who were 
already on our faculties. It looked 
as though the annual bill for higher 
education would jump from the $3 
billion it cost us in 1955 to at least 
$6 billion and perhaps to as much 
as $10 billion by 1970. 

The American people became 
alarmed. The President of the 
United States appointed a commit- 
tee to study the situation. Most of 
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the states started studies of their 
own. National magazines carried 
articles pointing out that, after all, 
not everyone had to go te college. 
Others pointed out that we were 
already desperately short of profes- 
sional workers of all sorts — espe- 
cially, perhaps, of engineers and 
scientists. Business and industry 
spokesmen warned that commer- 
cial interests could not be expected 
to give more than about one per 
cent of the five per cent allowed 
by the tax laws. State legislatures 
found that taxes were already high 
and that it would be difficult or 
impossible to raise them further. 
Parents pointed to the steadily in- 
creasing costs of college going and 
maintained that further increases 
would restrict college training to 
the sons and daughters of the 
wealthier people. The students 
themselves resisted the idea of bor- 
rowing to pay for their education, 
pointing out the difficulty of estab- 
lishing a family and starting a ca- 
reer even without the added handi- 
cap of a large debt. Almost no one 
seemed to favor considering Fed- 
eral aid. 


POST-SPUTNIK TIME 


Then, on October 3, 1957, Russia 
launched the first of her several 
Sputniks, and the debate took on 
an entirely new dimension. 

Against a background of smug 
complacency, Russia’s demonstra- 
tion of its technical competence — 
made before we were ready even 
to attempt a launching — came as a 
tremendous shock to the American 
people. Where had we failed? For 
many, the answer lay in deficiencies 
in American education. 

In this way, the question of 
quality was introduced into the de- 
bate, which had been concerned 
largely with quantity up to this 
time. Many, pointing out that thou- 
sands of craftsmen could not make 
the significant scientific discoveries 
that could be made by one well- 
trained genius, advocated that we 
junk our concept of universal edu- 
cation in order that we might con- 
centrate our energies and our money 
on the education of a small intel- 
lectual elite. American education 
Was compared with education in 
Russia and in western Europe—and 
many thought that it came off sec- 
ond best. It was charged that our 
schools were teaching “social ad- 
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justment” to the exclusion of basic 
studies, that we were entertaining 
students rather than educating 
them. Others pointed out that our 
programs for exceptional children 
were lopsided: although we have 
done much for the mentally re- 
tarded child, they said, we have 
done almost nothing to make it 
possible for us to harvest the po- 
tential of our exceptionally bril- 
liant children. The small private 
schools and colleges soon began to 
associate quality with size in their 
brochures and annual reports, and 
the larger ones listed the mainte- 
nance of quality to explain their 





. we must find out where we 
are and where we wish to go... 


. the single most important 
piece of Federal legislation con- 


cerning education . . . 


. . . the importance of this Act 
cannot be measured by the 
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lack of plans for expansion in the 
years ahead. 

The war between the sciences 
and the humanities was fanned in- 
to renewed vigor. 


WHERE ARE WE? 


What has the debate produced so 
far? Well, for one thing, it has pro- 
duced the single most important 
piece of Federal legislation con- 
cerning education in the United 
States since Abraham Lincoln 
signed the Morrill Land-Grant Act 
into law 97 years ago. This was the 
National Defense Education Act of 
1958. 

Two of the nine “working” 
titles of the Act are aimed at 
strengthening instruction in the sci- 
ences, mathematics, and modern 


foreign languages in the elemen- 
tary and secondary schools and in 
the junior colleges of our country. 
This is to be done, in part, through 
grants to state educational agencies 
and loans to private schools for 
purchasing and installing special 
equipment needed for instruction 
in these areas. In part, it is to be 
done through grants to colleges 
and universities to help them set 
up centers for teaching modern 
foreign languages and institutes for 
providing advanced training for 
modern-language teachers. To en- 
courage participation in these pro- 
grams, grants-in-aid are to be given 
to teachers returning for refresher 
training at institutes and to stu- 
dents in the language centers who 
promise to enter “service of a pub- 
lic nature.” 

Another title is aimed at 
strengthening the guidance, test- 
ing, and counseling programs in 
the secondary schools. This is to 
be done by providing grants to 
help state educational agencies set 
up and operate significant guidance 
and testing programs in the public 
schools and by letting contracts 
with institutions of higher educa- 
tion for the operation of institutes 
to train guidance and testing per- 
sonnel. Trainees in such institutes 
will receive grants to help defray 
the cost. 

Title II provides for Federal 
help in granting low-interest loans 
to full-time college students. A stu- 
dent who qualifies may borrow as 
much as $1000 during any one year 
of his college career or as much as 
$5000 during his total college pro- 
gram to help meet the cost of his 
studies. Significantly, the Act states 
that “special consideration” should 
be given, in granting the loans, to 
students who expect to become 
teachers or who show special apti- 
tude for the sciences, mathematics, 
or modern foreign languages. Fur- 
ther, up to one-half of the loan 
may be cancelled if the holder of 
the loan joins the faculty of a pub- 
lic school upon his graduation. 

Another title is designed to 
help state agencies finance pro- 
grams to train “highly-skilled tech- 
nicians in . . . occupations requir- 
ing scientific knowledge”—that is, 
programs aimed at preparing peo- 
ple for semi-professional positions. 
This is the type of training nor- 
mally received at a technical insti- 
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tute—the type for which we have 
designed, at Penn State, a two- 
year program culminating in an as- 
sociate degree. 


Title IV is aimed at strength- 
ening post-baccalaureate training 
in institutions of higher education. 
This is to be done by establishing 
1500 National Defense Fellowships, 
each with a value ranging from 
$2000 the first year to $2400 the 
third year, with an additional grant 
of $400 a year for each dependent. 
In granting the fellowships, prefer- 
ence is to be given those candi- 
dates who are interested in joining 
the faculty of a college or univer- 
sity after the completion of their 
studies. Further, in order that the 
fellowships might result in in- 
creased facilities for graduate train- 
ing of college teachers, they are to 
be granted only for new or ex- 
panded programs. 


Title VII authorizes the Com- 
missioner of Education to award 
grants and contracts for research 
and experimentation in more effec- 
tive methods for using television, 
radio, motion pictures, and other 
such media for educational pur- 


poses. 

Finally, the Act authorizes the 
establishment of a science informa- 
tion service in the National Science 
Foundation. This title recognizes 
that much scientific information is 
lost or duplicated because of in- 
effective methods of collection and 
dissemination. The program to be 
set up will include indexing, ab- 
stracting, translating, and all other 
services leading to more effective 
distribution of scientific informa- 
tion. 

The importance of this Act 
cannot be measured by the amount 
of money it may pump from the 
Federal treasury into state and lo- 
cal agencies. It is important be- 
cause of the direction it gives—be- 
cause of the concept it fosters. It 
recognizes that it is in the national 
interest to strengthen instruction in 
certain specific areas in the ele- 
mentary and secondary schools. It 
recognizes that we need to estab- 
lish a systematic method of identi- 
fying our talented youth early 
enough to direct their energies to- 
ward their most useful social roles. 
It recognizes that we must make it 
financially possible for capable 
young people to attend college. It 
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recognizes that we need a multi- 
level collegiate structure that will 
permit us to ere the intellec- 
tual potential of each boy and girl 
to its highest potential. It further 
recognizes that, to achieve such a 
system, we must strengthen techni- 
cal-institute training on one hand 
and graduate, post-baccalaureate 
instruction on the other. It recog- 
nizes that we must encourage 
young people to pursue careers in 
teaching, at both the school and 
the collegiate levels. It recognizes 
that we need to conduct research 
to adapt new methods of mass com- 
munication to serve educational 
objectives. And it recognizes that 
we must have better information 
and more systematic data for solv- 
ing the difficult problems that lie 
ahead of us. 


These are sound objectives. 
And the program outlined in the 
Act makes a good beginning at 
establishing the machinery for real- 
izing them. If adequately sup- 
ported, philosophically as well as 
financially, it will go a long way 
toward solving some of our most 
pressing problems. 


But what else has the debate 
accomplished? Not much, I'm 
afraid. In the first place, I think 
we must not confuse the nature 
of our real challenge. It is vitally 
important for us to protect our 
ideals of democracy, of free enter- 
prise, and of the dignity of man— 
for us to meet the Russian chal- 
lenge. 


But we have a higher goal 
than that ahead of us—the creation 
of the best possible life for the 
greatest possible number of ee 
For the achievement of this higher 
goal, we must look at ourselves, 
not at the Russians, for our success 
must be measured in terms of 
achieving our own highest poten- 
tial, not in terms of matching the 
Russian performance. 


Our stake in this brilliant new 
age of science is measured by our 
ability to know and to understand 
—by our capacity for mental, intel- 
lectual, and moral development. To 
achieve it, we must run our own 
race—not that of our competitor. 
We do not have a choice between 
quality and quantity. We must 
have as much of both as we can 
manage. We must have quality in 
quantity. 





A central characteristic of the 
age in which we are living is that 
we replace, at the level of routing 
chores, human labor with ma 
chines that do the work faster, 
more accurately, and at less cost 
that everyone may operate at 4 
higher human level of mental ac. 
tivity. As each new discovery is re. 
duced to practice and added to the 
general culture, all people must 
bring to the job of living a higher 
level of intellectual response. 

Finally, we must realize that 
our schools, colleges, and univers. 
ties do not operate in a social vac. 
uum—that general attitudes held by 
the public—by you people, if you 
wish, and your neighbors—have 
much to do with the kind of job 
the schools, colleges, and universi- 
ties can—and will—do for your chil- 
dren. Our pupils and students—at 
whatever level—simply are not gen- 
erally working at the level of full 
intellectual capacity. 


We cannot expect our children 
to make any particularly significant 
sacrifices for, or to be strongly mo- 
tivated toward, a life of scholarly 
activity when, as a society, we 
honor our professional football 
players and our ballad singers more 
than we honor our scientists and 
our scholars. We cannot afford to 
support this anti-intellectualism. It 
stands between the student and the 
intrinsic appeal of science and 
scholarship; the feeling of awe be- 
fore their universalized observa- 
tions; and the satisfying “rightness” 
of their workmanship, their order, 
and their organization. It stands 
between our youth and their full 
development as mature, productive 
members of society. 

It also stands between our edu 
cational institutions and a pe 

uate program of support for 
We dir dese ste that the be 

rt for our schools and co 
ah come from the people. There 
simply is no other source for 
support. And it is impossible for 
me to believe that a people who 
can afford to bet $2-1/4 billion # 
year at the horse races and spent 
$10-1/2 billion a year for liquol 
cannot afford to finance the } 
possible education for all 
men and women who can 
from it. 

We can afford it if we want” 
afford it. 4 
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annual meeting 


will be at Lake Placid in the Adirondacks 


Rapidly nearing completion, plans for the annual 
meeting of the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers 
promise a memorable occasion. 

This meeting will be at the Lake Placid 
Club, Lake Placid, N. Y., one of the foremost 
Adirondack Mountain resort communities, June 
22-24. The 3-day gathering will feature not only 
an unusually full technical program but special 
recreational features only possible in such a 
setting. 

There will be eight technical sessions, 
three conferences and six forums. In the former, 
emphasis will be placed individually upon com- 
pressors, noise, refrigeration in general, ven- 
tilation, heat transfer, air conditioning and will 
include a general session. A total of 29 papers 
will be presented predominantly in fuller form 
but some by title only. Conferences will cover 
Domestic Refrigerator Engineering, Industrial 
Heating and Ventilating and Cryogenics with a 
total of 12 papers. Forums will be keyed to 
and total six. 

Despite this full business program, skillful 


Tennis is available on several courts 


planning has introduced customary highlights 
such as the Welcome Luncheon. There will also 
be the meeting banquet and a get-together on 
Monday evening. Special program features wiil 
provide trips to nearby points of scenic and 
community interests including famous Adiron- 
dack resorts, boat trips, visits to Whiteface 
Mountain, etc. There will be a golf tournament. 
In the course of the meeting, Cecil Boling (the 
first President of ASHRAE) will yield that high 
office to Arthur Hess for his six-month term. 

Though an unusually full attendance is 
anticipated, due to the combined ASHAE-ASRE 
membership that now constitutes ASHRAE, 
there will be no lack of facilities for those who 
attend. Any overflow from the Lake Placid 
Club can be handled within a small radius by 
four smaller hotels and motels with excellent 
accommodations. However, the advantage of 
early reservations will be appreciated. Mailing 
of reservation forms and of a descriptive bulletin 
to members will have been made by the time 
this information appears here. 

R. A. Baker is General Chairman of 


Contest on the putting green 












Arrangements. Honorary Chairmen include A. E. 
Stacey, Jr., L. L. Lewis, C. M. Ashley and W. A. 
Grant. 


Here is an outline of the program. 


First Technical Session: Compressors 


An Analysis of Turbine Driven Centrifugal Refrigeration 
Systems—W. G. Dorsey, Jr., Regional Supervisor, Air 
Cond. and Refrign. Div., Worthington Corp. 


[effects of Refrigerant Properties on Centrifugal Compres- 
sor Impeller Dimensions and Stage Performance—F. JJ. 
Wiesner, Jr., Senior Engr., and H. E. Caswell, Manager, 
Centrifugal Refrign. Engrg. Dept., Carrier Corp. 


Free Piston Compressor in an Air Conditioning System— 
R. J. McCrory, Chief, R. W. King, Asst. Chief, and J. H. 
McNinch, Project Leader, Mech. Research Div., Battelle 
Memorial Inst. 





Where golfers gather and others watch 


Along the Ausable River 
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Second Technical Session: Ventilation 


Automatic Computer for Fan Testing—C. H. Pountney, 
Jr., Dir. of Research, and D. W. Skipworth, Senior Re 
search Engr., Viking Air Products. 


Evaluation of Filters for Removing Irritants from Poj- 
luted Air—N. A. Richardson, Asst. Dir., Inst. of Ip- 
dustrial Cooperation, and W. C. Middleton, Assoc. Res, 
Psychologist, Dept. of Engrg., Univ. of California. 


Fundamental Analysis of Chimney Performance and A 
New Method of Chimney Design and Performance 
Evaluation—W. G. Colborne, Assoc. Prof., Dept. of 
Engrg., Assumption Univ., Windsor, Ont., and W. ¢ 
Moffatt, Lecturer, Dept. of Mech. Engrg., Royal Military 
College of Canada. 


Third Technical Session: Noise 


Investigation and Control of Refrigerator Noise—E, A. 
Baillif, and J. P. Laughlin, Prod. Engrg. Dept., Whirl- 
pool Corp. 


~ 


Investigating Household Refrigerator Compressor Noise— 
R. C. Binder, Prof., School of Mech. Engrg., Purdue Univ, 


Acoustical Testing of Mufflers for Refrigerant 12-Oil Re- 
frigeration System—W. R. Danielson, J. L. Martin, 
and A. F. Martz, Jr., Res. Labs., Whirlpool Corp. 


Suppression of Oscillations in Gas-fired Residential Heat- 
ing Equipment—A. A. Putnam, Asst. Div. Chief, and 
C. F. Speich, Battelle Memorial Institute. 


Fourth Technical Session: Heat Transfer 


Solar Radiant Gains through Directional Glass Exposure 
Cramer, Asst. Architect, Dept. of Home Eeo- 
nomics, and L. W. Neubauer, Assoc. Prof. of Agric. 
Engrg., Univ. of Calif. 


Load Calculations Using Pretabulated Admittance Fune- 
tions and Transfer Admittance Functions for Typical 
Composite Wall Sections—Harry Buchberg, Assoc. Prof., 
and D. Lebell, Cons. Engr., Dept. of Engrg., Univ. of 
California, and W. B. Drake, Res. Engr., Missiles and 
Space Div., Lockheed Aircraft Corp. 


Large-scale Wall Heat-flow Measuring Apparatus—-K. R. 
Solvason, Assoc. Res. Officer, Div. of Bldg. Research, 
Natl. Research Council, Ottawa. 


Fifth Technical Session: General 


Condensation Between the Panes of Double Windows— 
A. G. Wilson, Head, and E. S. Nowak, Division of Bldg. 
Research, National Research Council, Ottawa. 


Evaporative Cooling for Common Storages of Fruits and 
bay acne S. Ash, Asst. to Pres., Intl. Metal Prod. 
0. 


Controlled Atmosphere Apple Storage Process and its 
Requirements on Refrigeration Structures and Systems 
—J. W. Zahradnik, Assoc. Res. Prof., Agric. Engrg: 
Dept., Univ. of Mass. 


Sixth Technical Session: Sound Level 


Standards of Sound Level for Equipment—C. M. Ashley, 
Chief Staff Engr., Carrier Corp. 


Experimental Study of Grille Noise Characteristics—B. H. 
Marvet, Mech. Engr., Div. of Design, Tennessee Valley 
Authority. 


Effect of Fuel Composition on Oil Burner Noise—Wm. A. 
Beach, R. W. Sage, and H. F. Schroeder, Esso Researeh 
and Engrg. Co. 
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Seventh Technical Session: General Refrigeration 


Comparison of Fluoroalkane Absorption Refrigerants— 
B. J. Eiseman, Jr., Freon Prod. Lab., E. I. du Pont de 
Nemours & Co., Inc. 


Estimating Water Content of Certain Dried but Un- 
charged Hermetic Refrigerating Compressors—H. M. 
Elsey, Chem. Consultant, and J. B. Kelley and R. B. 
Sharpe, Process Engrs., Refrigerator-Freezer Engrg., 
Westinghouse Elec. Corp. 


Viscosity of Refrigerants in the Vapor Phase—O. W. Wit- 
zell, Professor, Dept. of Mech. Engrg., Purdue Univ. 


Repeated Scrape Abrasion Testing of Enameled Wires in 
Gaseous and Liquid Refrigerants—F. F. Trunzo, G. J. 
Bich, and G. W. Hewitt, Insulation Dept., Westinghouse 
Res. Labs. 


Eighth Technical Session: Air Conditioning 


Determination of Effectiveness of Window Shading Mate- 
rials on Reduction of Solar Radiation Heat Gain— 
R. C. Jordan, Head, and J. L. Threlkeld, Assoc. Prof., 
Mech. Engrg. Dept., Univ. of Minn. 


Heat Flow through Glass with Roller Shades—Necati 
Ozisik, Res. Engr., and L. F. Schutrum, Res. Supvr., 
ASHRAE Research Lab. 


Evaluation of Three Room Air Distribution Systems for 
Summer Cooling—J. J. Reinmann, Res. Engr., Thomp- 
son Products, Inc.; Alfred Koestel, Assoc. Prof., Heat 
Power Engrg., and G. L. Tuve, Prof. of Mech Engrg., 
Bingham Labs., Case Inst. of Tech. 


Surface Odor Adsorption and Retention Properties of Sur- 
_- F. Hopper, Res. Engr., ASHRAE Research 


Domestic Refrigerator Engineering Conference: Should 
the Ice Box Return? 
Chairman—F. A. Noll, Mfrs. Rept. 


Keynoter—Col. C. S. Lawrence, Executive Secretary, In- 
stitute of Food Technologists. 


Control of Temperature—E. A. von Arb, Chief Engr., 


Revco, Inc. 


Humidity and Temperature Conditions—F. P. Speicher, 
Biologist, and E. W. Zearfoss, Development Engineer. 
Phileo Corp. 


Air Circulation in Freezer Compartment—Benefits and 
Problems, C. H. Wurtz, Staff Engineer in charge of 
ceeweration Systems, Frigidaire Div., General Motors 

rp. 


Cryogenics Conference: Closed Circuit Transportation of 
Cryogenic Fluids 


Chairman—V. J. Johnson, Cryogenics Engrg. Labora- 
tory, National Bureau of Standards. 


Transfer of Cryogenic Fluids—Design Aspects of Trans- 
fer Lines, Valves, Couplings and Associated Components 
—Dr. R. B. Jacobs, Cryogenics Engrg. Laboratory. 


Cryogenic Pump Design—Pesco Prod. Div., Borg-Warner 
rp. 


Cryogenics Insulation Materials and Techniques—3 x 10~ 
Btu/Hr-Ft./F—Dr. R. N. Krupschot, Cryogenics Engrg. 
boratory. 


Instrumentation Methods and Techniques for monitoring 
and Controlling Closed Circuit Transportation of Cryo- 
genic Fluids—Paul Ordin, Lewis Flight Propulsion Lab- 
oratory of N.A.S.A. 
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Industrial Ventilation Conference 


Chairman, G. B. Priester, Air-Cond. Engr., Baltimore 
Gas and Elec. Co. 


Design and Performance of Industrial Supply Air Sys- 
tems—J. H. Clarke, Visking Corporation, Division of 
Union Carbide Corp. 


Dust and Fume Control Systems—P. J. Marschall, Chief 
Mech. Engr., Abbott Laboratories. 


General Ventilation in the Steel Industry—F. E. Tucker, 
Industrial Hygienist, Weirton Steel Co. 


2adiant Heat Control in Industrial Plants—W. G. Hazard, 
Industrial Relations Division, Owens-Illinois Glass Co. 


Forums 


Whiteface Mountain as seen across Ausable River 





Down a country lane 


The eighth hole is tantalizingly deceptive 
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Water source heat pumps 


Performance of 


in Pacific Northwest 


I’ssentially a heat pump is a refrig- 
erant compressor which converts 
energy for either heating or cool- 
ing. However, reference generally 
to heat pumps seems to imply in- 
clusion within a system of the heat 
source, the mechanical system 
which distributes and collects heat 
in a building or in an application 
and the heat sink. 

In discussing performance, the 
portion of the system external to 
the actual heat pump becomes vi- 
tally important. The system will 
determine to a large extent the de- 
gree of effectiveness or the degree 
of conversion and effective use of 
energy. This discussion is limited 
to heat pump systems. 


WHAT IS PERFORMANCE? 


Actual performance again can 
mean several things. Performance 
may be merely the fact of opera- 
tion, may be the method of opera- 
tion, may be evaluation of the 
energy used, or may be all these 
with determination of actual cost 
of operation. 

Considering the first approach, 
a system may have been designed 
and installed and it works. The 
machinery runs. All spaces are suit- 
ably heated and cooled. 

Secondly, the heat pump sys- 
tem may have been designed to 
control flow, change-overs, and ca- 
pacities to follow predicted load 
curves. Maybe it does. Without 
extensive records, it is possible to 
J. Donald Kroeker is Consulting Engineer, 
J. Donald Kroeker and Associates. This paper 
was presented at the Symposium on Heat Pump 


Performance at the 65th Annual Meeting of 
ASHAE, in Philadelphia, January 26-29, 1959, 
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J. DONALD KROEKER 
Member ASHRAE 


report performance only as ex- 
pected performance. It is nearly 
impossible for the designer to as- 
certain how far actual operating 
curves, which indicate actual per- 
formance, vary from those _pre- 
dicted, unless recording instruments 
have been installed and maintained 
and are used to measure quantities 
and temperatures of media and 
power or fuel inputs and these rec- 
ords are painstakingly interpreted. 

Thirdly, performance may be 
checked at selected points or peri- 
ods from which average actual per- 
formance may be estimated. This 
may provide an estimate of the 
amount of energy used and enable 
a reasonably applicable determina- 
tion of a performance factor. This 
may provide fairly reliable and 
authentic data. 

Finally, fully authentic data on 
actual performance can be obtained 
only by interpretation of long-term 
continuous records of energy used 
and how it is actually used. Such 
data can lead simply to a precise 
determination of costs of operation, 
which are of prime interest. Cost 
data are fully valuable only when 
compared to costs of operation of 
conventional systems, which might 









There were five discussions of 
heat pump performance at the 
symposium accompanying the 
65th Annual Meeting of ASHAE. 
Package Air Source Units, the 
subject of W. A. Spofford, ap- 
peared in the April Issue of the 
ASHRAE JOURNAL. Herewith 
two approaches to Water 
Source Units—in western U.S. 
Air Source Compound Units are 
to be covered in a later issue. 





have been applied, or when com- 
pared to averages, such as those re- 
ported by the Building Owners and 
Managers Association. This type of 
study is seldom made, due to the 
expense involved. 


EFFECTIVENESS INDEX 


The index of effectiveness of the 
heat pump in converting energy for 
heating is the coefficient of per- 
formance (COP). In recent years, 
this term has been applied to en- 
ergy made available vs energy 
used in the basic heat pump — 
ment only. The relationship of en- 
ergy used in the entire system to 
energy introduced is now called the 
performance factor. Further, the 
coefficient of performance is ai 
instantaneous value applying to the 
refrigerant compressor, while the 
performance factor is generally 4 
seasonal or yearly average. 
Four water source heat pump 
systems in Oregon have been s& 
lected for discussion here. 
Generally, economic feasibility 
will be indicated for a heat pump 
system, if the heat pump is te 
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ired basically for cooling or air 
conditioning, providing a low-cost 
heat source and sink are available. 
Of course, it might be contended 
that this basic requirement, air con- 
ditioning, is not present in Oregon, 
if one believes the full page color 
advertisements appearing in popu- 
lar and widely circulated general 
magazines which have blared 
forth, air-conditioned Oregon. But 
such advertisements have been 
stopped in the interest of realism. 

Outstanding examples of in- 
stallations in which heating and 
ventilating but not air conditioning 
have been basic requirements are 
the power houses and numerous 
hydroelectric projects in the Pacific 
Northwest. And yet, in recent 
years, the feasibility of heat pump 
systems in these power houses has 
been demonstrated. They are now 
generally employed. 

To the time of the McNary 
hydroelectric project (Fig. 1) on the 
Columbia river, heating and venti- 
lating had been achieved with elec- 
trical resistance elements. At Mc- 
Nary, it was conceived that the 
frm power sendout could be in- 
creased by about 3,000 kw, if a 
heat pump system were used, con- 
sidering expected favorable per- 
formance factors. With power at 
an average of $17.50 per kw-yr, 











Fig. 1—One of the heat pumps in- 


stalled in the McNary power house 


this meant some $52,500 was avail- 
able annually to amortize additional 
first costs. Other advantages be- 
came apparent. Rather than dissi- 
pate heat in mild weather and in 
summers by drifting large volumes 
of dust-laden air through the build- 
ing, the heat pump system made 
cooling available, permitting con- 
trol of dust and reducing mainte- 
nance and repair costs measurably. 
Another favorable factor is a con- 
stant-temperature heat source—the 
effluent cooling water from the gen- 
erators, controlled to 74 F. This 
water is also used for preheating 


incoming ventilation air to 63 F 
from zero design temperature. 
Three centrifugal water-chill- 
ing machines shown in Fig. 1 are 
the basic heat pump. They have a 
combined capacity of 590 equiva- 
lent ton. The predicted coefficient 
of performance of the heat pump 
only was 6 and of the heat pump 
and auxiliaries was 4.5. Since much 
of the heating load is accomplished 
by merely pumping turbine cooling 
water, the performance factor of 
the system as a whole is reported 
as high as 20. No detailed study 
has been made since the project 








Fig. 2—Design heating and cooling 
loads plotted against outside tem- 
perature 
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Fig. 3—Predicted coefficient of per- 
formance at various outside tem- 
peratures with 1949 degree-days 
superimposed 
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NOTE: LOAD= 6 
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has been put into operation to de- 
termine actual performance factors. 
Design analyses indicated a saving 
of $22,000 per year in energy costs 
chargeable to power house heating 
with a heat pump system as against 
resistance heating. 

Power houses of later hydroelec- 
tric projects on the Columbia and 
its tributaries are being air condi- 
tioned and are similarly equipped 
with heat pump systems, on the 
basis of analyses and experience 
with the heat pump system in the 
McNary dam installation. 

A heat pump system in the 
building of the Oregonian Publish- 
ing Company, a daily newspaper of 
Portland, was considered economi- 
cally feasible on the basis that air- 
conditioning would permit using 
space on each floor extending a 
full block; that is, without courts 
for ventilation. This provided un- 
broken lines of flow, extremely ad- 
vantageous in a newspaper plant. 
In 1947, when the building and 
system were designed, there was no 
completely air-conditioned build- 
ing in Oregon and the concept was 
an innovation. Well water is the 
heat source and wells are used as 
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heat sink, with surplus water con- 
veyed to a city sewer. 

Features of the heat pump sys- 
tem include condenser leaving 
water at design conditions of 135 F 
for use directly in ceiling and wall 
panels, no auxiliary heating, well 
water used directly to recover heat 
from exhaust air and to precondi- 
tion ventilation air, and a com- 
pletely automatic installation to re- 
duce the cost of operating person- 
nel to a minimum. Two nominal 
275-ton open water chillers with 
wound rotor motors are used. One 
water chiller is standby to 25 F, 
according to design data. However, 
a single machine has carried the 
load at 10 F, because internal heat 
loads, even though diversified, 
seem to be higher than normally 
estimated during design, and be- 
cause all the air-conditioning units 
operate 24 hr a day, eliminating 
the warm-up loads contemplated 
in design. 

Fig. 2 shows the design heat- 
ing and cooling loads against out- 
side temperatures. The minimum 
cooling, which provides heat as a 
byproduct, amounts to 2,100 Mbh. 


Considering heating accomplished 
by well water and by recovered 
heat, there is no heat chargeable to 
heating above 45 F. At 10 F, the 
heat chargeable to heating is only 
2,700 Mbh or about 30 percent of 
the total heat requirement. 

The predicted performance 
factor indicated as coefficient per- 
formance (COP) is shown at out: 
side temperatures to 65 F in Fig. 3. 
The gross COP varying from 5 to 
7, is the relationship of the total 
heating load to the total energy 
required. The net COP indicated 
is the total heating load less the 
byproduct heating resulting from 
basic cooling requirements, divided 
by the total energy required. This 
ranges from a COP of 6 at 10 F to 
infinity at about 51 F above which 
no energy purchased is chargeable 
against heating. Superimposed on 
Fig. 3 is a plot of degree-days oc- 
curring in 1949, indicating relative 
heat quantities to which the per- 
formance factors apply. 

The installation of the heat 
pump system in the Oregonian was 
not instrumented adequately to 
permit determination of all quan- 

(Continued on page 83) 
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for office building in Southwest 


Lake Austin is one of six artificial 
lakes on the Colorado River which 
the Lower Colorado River Author- 
ity (LCRA) operates for the multi- 
ple purposes of water conservation, 
food control and power genera- 
tion. The water level is maintained 
within narrow limits—since it is the 
last of the chain of lakes. Records 
of temperatures, covering several 
years, indicate a range of from 80 F 
in midsummer to 48 F in winter. 

When a site immediately above 
the dam and on the shore of Lake 
Austin was chosen for the building 
to house the executive, accounting 
and engineering offices of the 
LCRA, the availability of the lake 
as a source of heat and cooling for 
the building made a heat pump in- 
stallation quite attractive. The rec- 
ord of lake water temperatures 
coupled with the operational data 
from a small pilot heat pump in- 
stallation at one of the other dams 
proved the feasibility of the instal- 
lation. 

The building, due to its loca- 
tion on the sloping lake shore, is 
two stories on the street front and 
three stories on the lake front with 
the grade sloping away on each 
side. The street side of the ground 
floor is occupied by record vaults 
and the remainder of the ground 
floor is occupied by a cafeteria 
and an auditorium. The public 
lobby and reception room is on the 
street front of the first Moor and a 
directors’ room on the second floor. 
The remainder of the first and sec- 
ond floors is given over to offices. 
A dispatcher’s tower on the roof 
houses the remote control equip- 
ment for all of the power genera- 
tion plants and distribution net- 
works which fall under the LCRA 
jurisdiction. A total of some 275,- 
000 cu ft of air-conditioned space 
is involved. 

Outside design conditions in 
Austin are 100 F dry-bulb and 78 F 
wet-bulb in summer and of 0 F DB 
M winter. Inside design conditions 
Were chosen as 77 F DB and 64F 
WB in summer and 75F DB in 


a 


4 L. McFadden, Jr. is with the firm of Zimwalt 
inther. This paper was presented at the 

Sith um on Heat Pump Performance at the 

bhi Annual Meeting of ASHAE, in Philadel- 
a, January 26-29, 1959. 
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winter. Due to an expected occu- 
pancy in the building of 100 em- 
ployees and up to 300 visitors, it 
was not considered necessary to 
control humidity on the winter 
cycle. Under these design condi- 
tions and with the introduction of 
approximately two changes per hr 
of outside air for ventilation, a 
peak cooling load of 125 ton was 
calculated and a peak winter heat- 
ing load of 1,500,000 Btu per hr 
was also determined. The equality 
of these two figures is due in large 
part to the shape of the building, 
which results in large interior areas 
where a cooling load of people and 
lights exists both summer and win- 
ter. 

Due to the variety of the ex- 
posures and occupancy of the vari- 
ous areas of the building, a careful 
control study indicated the need of 
15 separate zones. In the final de- 
sign this was reduced to 11 by 
combining the return air from all 
zones and returning it to the air 
unit room through the ceilings of 
the three floors. Each zone is served 
by an air conditioning unit consist- 
ing of a fan, a six-row water coil, 
face and bypass dampers and filters. 
The use of circulating water for 
both heating and cooling was 
prompted by the desire to mini- 
mize the quantity of refrigerant re- 
quired by the system and the num- 
ber of refrigerant fittings with 
their attendant potentialities for 
leaks. This left the refrigerant con- 
trol system as simple as possible 
and shifted all of the control com- 
plexities to the water circuits. The 
refrigeration system then was de- 
signed to consist of two compres- 
sors of equal size, a single con- 


denser, a receiver, and a direct 
expansion water cooler. Each of 
the compressors was fitted with 
cylinder bypasses to reduce its 
capacity by 25% and 50%, thus 
making available to the system a 
total of 6 steps of capacity. The 
refrigeration system was also 
equipped with high and low pres- 
sure cutouts and a safety thermo- 
stat in the water cooler connected 
to stop all refrigerating effect should 
the water temperature approach 
freezing. 

There are two water circuits, 
(Fig. 1) each served by a separate 
pump. One is a circulating circuit 
terminating at the top of the build- 
ing in an open expansion tank. The 
other is a lake water circuit which 
takes water from the lake, filters it 
through a continuous backwash 
type of strainer, circulates it through 
the system, and returns it to the 
lake. This equipment is connected 
essentially to operate on the cool- 
ing cycle with water being pumped 
from the lake through the con- 
denser and back to the lake, and 
with the circulating system water 
being pumped through the water 
cooler to the air unit coils and 
back to the water cooler. On the 
heating cycle this process is re- 
versed with lake water being 
pumped through the water cooler 
and back to the lake, and circu- 
lating water being pumped through 
the condenser to the air units and 
back to the condenser. 

Thus basically described, the 
system is quite simple and in actual 
fact the refrigeration system is as 
simple and free of gadgetry as it is 
possible to make it. Its one and 
unchanging function being to pump 
heat from the water flowing through 
the cooler to water flowing through 
the condenser. 


LOADS VARY GREATLY 


This LCRA building, in common 
with any other building of multi- 
ple exposures and shifting occu- 
pancy, never operates throughout 
at design conditions on either the 
heating or the cooling cycle. Re- 
quirements are particularly severe 
during the spring and fall seasons 
when some zones require heating 
at the same time that others re- 
quire cooling. The premise was 
thus established that each of the 
11 zones must have available to it 
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at all times both warm water for 
heating and cold water for cool- 
ing. 

The solution of this problem 
reached in the case of the LCRA 
building can best be explained by 
reference to Fig. 1, which, for sim- 
plicity, shows only three of the 11 
zone units. Each of the three-way 
diverting valves shown, except 
those marked “A” and “B,” is of the 
two-position type, the solid-flag be- 
ing the common connection in each 
case. It will be noted that at the 
inlet and outlet of each air unit 
coil there are diverting valves 
which, depending upon their posi- 
tion, can supply the coil either with 
warm water from the condenser 
or with cold water from the cooler. 

A gradual-acting thermostat in 
each zone positions the face and 
bypass dampers at the air unit 
serving that zone as required to 
balance the load in the area. If a 
changing temperature in the space 
continues to change by as much 
as one degree after the air unit 
dampers have reached a completely 
bypassing position, the two divert- 
ing valves serving the unit change 
their position, altering the tem- 
perature of the water through the 
coil and the thermostat reverses its 
control of the face and bypass 
dampers. Thus, any zone can either 
cool or heat at any time regardless 
of the cycle upon which the heat 
pump is operating. 

Diverting valves require ap- 
proximately equal pressures on 
their two leaving connections for 
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CONDENSER 


Fig. 1 Schematic diagram 
of water piping in LCRA 
Office Building 


FROM 
LAKE 


proper operation. Back pressure 
valve P2, therefore, is set to main- 
tain at its inlet a pressure which 
will approximately equalize the 
pressures at the connections of the 
diverting valves at the outlets of 
the zone coils. Back pressure valve 
Pl, then, is set to maintain at its 
inlet a pressure which is higher 
than that at P2, by the amount of 
the pressure drop in the zone coils. 

Diverting valves Ml, 2, 3, 4 
and 5 are the main heat pump 
cycle change valves. On the cool- 
ing cycle lake water flows through 
valve M1, the condenser, valves B, 
M5, P1, and back to the lake. Cir- 
culating water flows from the cir- 
culating pump through valve M2, 
the water cooler, the zone coils, 
valve M3, and back to the circu- 
lating pump. Refrigeration capac- 
ity is applied as needed by a 
thermostat in the water line leav- 
ing the water cooler. 

On the winter cycle lake water 
flows through valve M1, the water 
cooler, valves A, M5, Pl, and back 
to the lake. Circulating water flows 
from the circulating pump through 
valve M2, the condenser, the zone 
coils, valve M4 and back to the 
circulating pump. Refrigeration ca- 
pacity is applied as needed by a 
thermostat in the water line leav- 
ing the condenser. 

On the cooling cycle, if one or 
more zone coils go over to heating, 
gradual acting bypass valve B is 
activated and under control of a 
thermostat in the water line leav- 
ing the condenser bypasses the 





condenser as required to maintain 
a water temperature of 95 F leay. 
ing the condenser. 

Valve A serves similarly on the 
heating cycle to maintain a water 
temperature of 50F leaving the 
water cooler when one or more 
zone coils are on cooling. 

When the heat pump is oper. 
ating on its cooling cycle and a 
change in occupancy or weather 
starts zones changing to their heat- 
ing cycles, the heat pump will re. 
main on its cooling cycle until as 
many as seven of the zones have 
gone over to heating, at which 
point it will change to its heating 
cycle. Similarly, when it is oper 
ating on the heating cycle, seven 
zones have to go over to cooling 
before it changes to the cooling 
cycle. Rapid changes of the heat 
pump cycle are thus avoided. 

The installation is fully instru- 
mented with strip chart recorders 
for the temperatures in all of the 
zones, in the water circuit, and out- 
doors. There is also a strip chart 
recorder for the water flows through 
the cooler and through the con- 
denser. Two additional strip re 
corders were also installed to reg- 
ister separately the total power 
requirements of the system and the 
power taken by the compressors 
alone. 

The installation was made as 
outlined and the switches were 
thrown to start it in the early sum- 
mer of 1949. As might be suspected, 
all of the start-up troubles had to 
do with water circulating prob 
lems. 


STARTING PROBLEMS 


The intake for the lake water pump 
was located at the penstock where 
water from the lake entered the 
turbines of the generator plant on 
the theory that water at this point 
would tend to hold closest to the 
average lake temperature. 
violent turbulence of the water at 
the penstock, however, made it im- 
possible to maintain prime on the 
pump and it was necessary to move 
the intake to quiet water at one 
side. 

In the plant itself, unequal 
pressures on the seats of the 3-way 
diverting valves occasioned on the 
one side by the balanced pressuté 
of the recirculating system and on 
the other by the unbalanced head 
on the lake circulating system Te 
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sulted in an objectionable water 
hammer as the units changed cycle. 
It was necessary to install back 
pressure valve P2 in the line carry- 
ing water back to the lake as a 
means of bringing the pressures on 
the valve seats within a controllable 
range. This reduced the water 
quantity flowing in the lake circuit 
to some extent, but no ill effects 
were apparent from the reduction. 

A more serious difficulty de- 
veloped in the case of the main 
plant cycle change valves. These 
valves are large and rather slow 
moving, requiring approximately 30 
sec to complete their travel. Dur- 
ing the time that they were off the 
seat the two pumps combined to 
empty the recirculating system out 
into the lake, and the plant had to 
be shut down until the recirculating 
system could be refilled. This prob- 
lem was corrected by automatically 
stopping the two pumps for a 
timed interval to permit the valve 
reversal without pump pressure. 
After the timed stoppage, the pumps 
were again automatically started. 

After the trials of the start-up 
period, the system settled down 
and has been quite satisfactory. It 
is operated on a 24-hr per day 
basis and therefore never ap- 
proaches the peak loads for which 
it was calculated on either the 
heating or cooling cycles, since 
peaks are leveled out by the ther- 
mal mass of the building. 

As might be expected, the most 
frequent operating difficulties ex- 
perienced have been connected 
with the water circulating systems. 
By far the major source of trouble 
has been the lake water system, 
and the loss of prime at the lake 
water pump is the chief culprit. 


WEED TROUBLE 


Much of the shore line of Lake 
Austin has been developed as a 
tity park. It is one of the beauty 
spots of the city of Austin, but 
keeping the lake itself clear of 
weeds is a major problem of the 
City Park Department. One of the 
approaches made by the Park De- 
partment to the weed problem was 
to cut the weeds below the surface 
and let them float on down and 
through the turbines at the power 
lant. Unfortunately, they also 

ted down and locked the foot 
Valve at the lake pump. It was 
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necessary to install a second intake 
pipe and foot valve and arrange 
cross-valving to permit the clean- 
ing of one suction line while the 
other was in use. When the weed 
cutting program was not wholly 
successful, the city decided to lower 
the lake level to get a better whack 
at the weeds. The system was 
running as the lake level started 
falling. When it reached a point 
15 ft below the inlet of the pump, 
water flow ceased in the pump cir- 
cuit and the building was without 
either heating or cooling. As an 
emergency measure, a cross-con- 
nection was made from the nearest 
fire hydrant and city water was fed 
directly through the lake water cir- 
cuit until the weeds had been cut 
and the lake level had been re- 
turned to normal. 

A second difficulty which was 
experienced is one which is not 
peculiar to the fact that the system 
is a heat pump. All fans and pumps 
are on 3-wire pushbutton control. 
The location of the building ad- 
jacent to the power plant makes it 
particularly susceptible to momen- 
tary power failures due to storms 
on the transmission system. When 
these outages occur, starters drop 
out and must be manually restarted. 

After seven years of operation 
the system was opened for an ex- 
amination of the various compo- 
nents. At that time it was found 
that the gradual-acting bypass 
valves at the cooler and condenser 
were badly worn and required re- 
placement. Some of the 3-way 
valves at the various air units re- 
quired new springs to insure tight 
closure. But of particular interest 
was the fact that all water passes 
were clear, even including those in 
the condenser. This is rather sur- 
prising in this area where water 
conditions lead one to expect scale 
in condensers in a es shorter 
period of time. 


OPERATING RESULTS 


Actual operating figures are diffi- 
cult to evaluate due to the fact that 
the strip chart recorders on power 
consumption have not been kept 
active, power readings being taken 
only once a day. As an example of 
heating we can use a 24-hr period 
beginning at 7:00 a.m. on Decem- 
ber 12, 1955, and ending at 7:00 
a.m. on December 13, 1955. During 


this 24-hr period the outside tem- 
perature ranged from 33 F to 54F 
and the heat pump delivered an 
average of 415,094 Btu per hour to 
the building. The compressors used 
a total of 800 kw hr of energy for 
an average of 33-1/3 kw per hr. 
This gives a coefficient of perform- 
ance of approximately 3.6. It is of 
interest that, during this same pe- 
riod, building electric requirement 
exclusive of the compressors was 
1,360 kw hr. 

A typical ay of cooling 
operation is the 24-hr period be- 
ginning at 7:40 a.m. on June 12, 
1956, and ending at 7:40 a.m. on 
June 13, 1956. During this 24-hr 
period the outside temperatures 
ranged from 90 F DB and 74 F WB 
to 68F DB and 66 WB, and the 
heat pump removed an average of 
445,150 Btu per hr from the build- 
ing. The compressors used a total 
of 1520 kw hr of energy for an 
average of 63.3 kw per hr, and the 
building, exclusive of the compres- 
sors, required 880 kw hr. 

As a precaution against a sud- 
den blue norther in early fall 
while the lake water is still warm 
from the summer, the 100% capac- 
ity steps of both compressors are 
locked out on the winter cycle to 
limit the motor load which would 
result from high suction tempera- 
tures at the water cooler. It has 
never been necessary to change 
this setting, since the plant has had 
adequate heating capacity with the 
compressors running 75% loaded. 
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tities and temperatures required to 
compute precise energy uses and 
dispositions and costs of oumyy- In 
making several checks, it was found 
that the prediction data were quite 
conservative. 

A relatively small heat pump 
system is that in the Panorama 
building, a 32 x 75 ft, 2-story engi- 
neering office building in Portland. 
Air conditioning was a basic con- 
sideration, so a heat pump system 
was provided, even though it ap- 
peared marginally economically 
feasible. The heat source is well 
water, wasted to a city sewer. Roof 
sprinkling to reduce the solar ef- 
fect on the proportionately large 
expanse of roof and diversification 
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of loads permitted application of a 
nominal 20-ton reciprocating water 
chiller. The system is an all-air 
application. Performance factor 
curves have not been developed 
on this installation. Operating costs 
for 1957 totalled $853.76, or 15.8 
cents per sq ft. If an oil-fired boiler 
had been provided to supply warm 
water, the cost of energy and fuel 
would have been at least $1,015, 
based on 1957 degree-days. So, 
even in this small building, the heat 
pump system resulted in a saving 
in operating costs of at least 16 %. 

The only larger heat pump sys- 
tem in the Pacific Northwest instru- 
mented to enable precise studies of 
performance and operating costs is 
that in the Equitable building, a 
12-story rental office structure. It 
is 200 x 200 ft at the street level, 
62 x 200 ft above the second floor, 
has 212,000 sq ft of floor space, of 
which 148,711 sq ft is rentable. Al- 
ternately heat source and heat sink 
are 3 wells, 2 at a depth of about 
150 ft and one at a depth of 510 
ft. The heat pumps’ consist of two 
200-ton water chillers and two 70- 
ton units. The ASHVE Transac- 
tions'?> contain 3 papers on this 
installation. An all-air system, novel 
features are the recovery of heat 
from exhaust air and heating venti- 
lation air with waste chilled water. 

Derivation of costs of opera- 
tion, segregated with regard to 
heating and cooling, of a heat 
pump system controlled automati- 
cally and providing heating and 
cooling simultaneously is complex 
and requires analysis and under- 
standing of a large number of fac- 
tors. They include (1) the building, 


(2) use as affecting first cost and 
operation, (3) the heat pump sys- 
tem, (4) basic differences between 
the heat pump and a conventional 
system as affecting costs, and (5) 
heating and cooling load distribu- 
tion. Detailed studies were made 
for the period from May 1, 1952 to 
April 30, 1953. Strip charts were 
analyzed half-hour by half-hour. 
Details are contained in the Trans- 
actions, Vol. 60. Fig. 8, from the 
Transactions, shows the heating 
and cooling load segregations. 

Of particular interest are total 
costs of air conditioning with the 
heat pump system, comparative 
costs of operating the system and 
a conventional system, and com- 
parative costs of energy at elec- 
trical rates of other cities. These 
are shown in Tables I, II and III. 

Summarizing, the cost of en- 
ergy chargeable to heating for the 
year was 2.2 cents per sq ft (Table 
II) of net rentable area (NRA), as 
against a national average of 7.74 
cents. Also from Table II it will 
be seen that cooling costs were 9.1 
cents per sq ft for energy as against 
a US average for air-conditioned 
office space of 16.9 cents. Total 
operating costs, including labor 
and maintenance charges but not 
including annual depreciation 
charges, were 11.3 cents per sq ft 
of net rentable area as against 27.3 
cents, reported as the national aver- 
age for all air-conditioned build- 
ings in the country. 

Had district steam been used 
for heating for the year analyzed 
(Table I), the cost would have been 
6.38 times that experienced. Fuel 
oil at 1953 prices, which have dou- 






bled, would have been 4.44 time 
the cost of power for the heat pump 
system. 

Since it had been contended 
that a heat pump system such 4 
that in the Equitable  buil 
could be economically feasible only 
in the presence of extremely loy 
electrical rates, such as wer 
claimed to prevail in Portland 
comparisons of costs of en 
based on schedules in effect ip 
other cities were also made (Table 
III). These ranged from 48 % more 
in Seattle to 124 % more in Minne. 
apolis. District steam rates were 
approximately the same and oil 
prices were about the same or 
higher in these cities. Accordingly, 
in all cities listed, for the same 
building with the same heat pump 
system, the savings in energy costs 
would have been sufficiently high 
to justify similar installations. 

The system in the Equitable 
building is the only one in the 
Pacific Northwest on which suf 
ficiently complete operating data 
were obtained to enable evaluation 
of actual performance. Even the 
comparative cost figures developed 
are no longer fully applicable since, 
while power costs have remained 
the same, district steam costs, 
which are pegged to the cost of 
oil, have risen and oil costs have 


doubled. 
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ASHRAE PUBLISHES GUIDE FOR 1959 


Of the total of 57 chapters, 32 have been revised 
and expanded to include: new material specifically 


pertinent to engineering and application problems in 








Just off the presses, the 37th Edition of the Heating, 
Ventilating, and Air Conditioning Guide appears in 
revised and expanded form. This long-established 
reference offers many new chapters and illustrations, 
as well as revised chapters with larger charts and 
tables. 

Page size has been enlarged to 8% x 11 in., mak- 
ing possible the inclusion of new technical data. 
There are 286 new or revised diagrams and charts in 
this 1268-page volume. Within the 768-page technical 
section are 12 general sections. Added are five wholly 
new chapters on: high temperature water systems, 
the heat pump, evaporative cooling, humidification, 
and snow melting. 
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heating, ventilating and air conditioning and to theif 
solutions. 

The Heating, Ventilating and Air Condi 
Guide for 1959 has been given concentrated study 
preparation by the Guide Committee under the chair 
manship of H. W. Alyoa to serve the engineer, 
contractor, the educator and the student. 

Supplementary to the technical data section is4 
catalog data section, showing the products of 
manufacturers of heating, ventilating, cooling, and ait 
conditioning equipment. Both are fully indexed. 

Available from the American Society of i 
Refrigerating, and Air-Conditioning Engineers, ® 
Worth Street, New York 13, N. Y. Single copy $12.00. 
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ARTHUR J. HESS 
Guest Sponsor 


S O S—May Day 


The Officers and Committee Chairmen of the 
merged Societies desire and require assistance 
from the “grass roots” of our new Society, and 
this means you. 

In the course of merging, certain prob- 
lems have appeared that will require a choice 
between two or more possible solutions. We 
want the decision in each case that is best for 
the Society or for the general public whom we 
serve. Now is the chance to study these prob- 
lems and give the Officers and Committee Chair- 
men the benefit of your advice and thus assist in 
increasing the efficiency of our Society opera- 
tion. 

In the field of Research we need advice 
on needed new projects (what refrigeration 
projects should we put in motion and what 
scope should they cover; as an example, the 
handling and preservation of food is both scien- 
tific and commercial and warrants at least a 
feasibility study, while skating rinks would seem 
out of place in our research work). What can 
be done to improve our Research Program? 

We have done poorly in the field of 
human air-conditioning. We should have more 
data on what constitutes comfort. What effect 
on productivity does air conditioning have? 
Would air-conditioning improve the ability of 
our children to learn? 

There are other areas we should be look- 
ing into also. With the larger Society we can 
and should increase the scope of our Research 
Program. What should we do now and plan 
for on a long range basis? What do you think? 

In the field of publications, the “Journal” 
is moving ahead nicely but we have problems 
in the “Guide-Data Book” field. Many members 
in the field should be interested sufficiently in 
this to write to Bob Tull or the Officers and 
voice their opinion. The “Guide” is essentially 
an engineering manual with design data that 
does not tell a designer how to design but 
rather gives him data that will enable him to 
make his own design. The “Data Book,” on the 
other hand, in the applications volume does 
make detailed recommendations concerning de- 
sign of specific applications. There are those 
who feel that this is competitive to Consulting 
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Engineers, while others feel this information 
is needed by most industrial users of Refrigera- 
tion and their Refrigeration Engineers. Your 
suggestions are requested. 

Another problem in the publications is 
what to do about “Transactions.” ASHAE has 
always published “Transactions” while ASRE 
has not, at least in later years. There are many 
benefits to many members who use “Transac- 
tions” because it gives them a good, neat, and 
useful library of most of the papers presented 
before the Society. On the other hand, it is 
expensive and many other members make no 
use of the “Transactions.” It should be pointed 
out that to the majority of members in the field, 
“Transactions” is the only record of the National 
Meetings and operations. Some have suggested 
elimination, others retention, and some feel a 
compromise can be worked out in some way. 
What suggestions do you have? 

The area of the Program Committee also 
needs assistance from the field. Both Societies 
have had truly excellent programs in the last few 
years, but I have a feeling that this is just be- 
cause of the good fortune of having good Pro- 
gram Committees. It seems to me under our 
set-up we could have haphazard type programs. 
Perhaps a large committee with sub-committees 
and arrangements for good continuity would 
help; further, a program planning group should 
be included to assure coverage of the whole 
field over a period of time. Probably good in- 
formation of subjects requiring coverage could 
come from Regional Meetings. Perhaps some 
form of screening could be worked out for local 
meetings to eliminate the excessive commercial- 


(Continued on page 136) 





Because of the physical complexity 
of a wire-and-tube heat exchanger, 
it is difficult to give a fully satis- 
factory expression for the effective- 
ness of the heat transfer process by 
use of the concept of an average 
transfer coefficient applicable to the 
exchanger as a whole. The present 
study indicates that the heat rate 
from such an exchanger can be 
computed for off-horizontal posi- 
tions of the wires between 0 and 90 
deg. if the exchanger is assumed to 
be made up of a multiplicity of 
elementary units consisting of a 
single horizontal tube together with 
those wire sections contained be- 
tween it and the next higher tube. 
The effect of confining walls on the 
heat rate was also investigated 
experimentally. 


Design Method: A reasonable ap- 
proach to the design method of 
wire-and-tube exchangers is that of 
considering each of the different 
geometrical components separately 
and then establishing the heat rate 
as the sum of those of the different 
components. Let the heat rate be 
given by 


Q=h (Aw + Ar) (te — te) (1) 


where t, is average design tempera- 
ture of the exchanger.* The average 
transfer coefficient, h, for the whole 
exchanger is defined in terms of the 
geometrically different components, 
i.e., the wires and the tubes, by 


: Aw 
h = hw eee a 
Aw-+ At 
At 


ht ———— + h, (2) 
Aw+ Ar 


The assumption is made that the 
effect of radiation is expressible in 





*See nomenclature for definition of symbols. 
Authors Cyphers, Cess and Somers are with the 
Heat Transfer Section, Mechanics Department, 


. Somers is Manager of the 
Section, This ae was presented at the 45th 
Semiannual Meeting of ASRE in New Orleans, 
December 1-3, 1958. 
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Heat transter character 


of wire-and-tube heat exchangers 
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E. V. SOMERS 


terms of a linear transfer coeffi- 
cient, h,. With the use of equations 
(1) and (2) limited to moderate 
temperatures, to roughly 140F for 
t and 90F for t,, the error in h due 
to the use of h, is less than a few 
per cent. 

The fin efficiency factor of the 
wires must, however, be high in or- 
der to permit its omission in the 
wire term of equation (2); other- 
wise h in equation (1) must be 
replaced by 


—_ Aw 


ha = 7 hy ————- + 
Aw+ At 


At 
Aw+ A: 


With sufficient accuracy the fin 
efficiency can be estimated from the 
convective formulae” 


he +h, (3) 








m 
tanh—1 
2 
(4) 











where 





4 hw * 
(hyd 

ky Dy 
A check on the value of 7 shows 
that 0.90 < 7 < 0.95 for most wire 
configurations, where an a priori 
reasonable value of h, is assumed, 
For simplicity in any practical de 
sign application, calculations can 
be made with equation (2) rather 
than equation (3) as long as the 
fin efficiency of the wires can be 
estimated to be greater than % 
per cent. 

The heat transfer coefficient 
for the tubes, hi, can readily be 
estimated from horizontal formula- 
tions for free convection ‘?) 





2 
a In (1+ 5Gr*] 


Formulations for vertical cylinders, 
applicable to the near-vertical 
wires, can be estimated from® 





(6) 





2 
Nu = (7) 
D -% 
In} 1+ 4| Gr— | 
[(e2) 
D 
However, the factor, —, requires 
L 


definition as applied to the wire 
and tube geometry. Clearly, the 
symbol, D, must represent wire 
diameter. But there is an ambiguity 
in the meaning of L because the 
flow is parallel to the wires. This 
ambiguity is removed by assuming 
that the tubes, acting as regularly 
spaced protrusions along the length 
of a wire, interfere with the uni 
form growth of the boundary layel, 
such that between successive pro 
trusions the boundary layer must 
be both originated and destroyed. 
Each wire segment between sut 
cessive tubes must, therefore, att 
independently of all others in the 
formation and control of its ow? 
boundary layer. Consequently, the 
distance between successive tubes 
must be the characteristic length 
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L, that satisfies the D/L ratio of 
equation (7). The validity of this 
hypothesis is established by the 
agreement attained between the 
experimental data and design cal- 
culations based on the theory. A 
design method is, therefore, im- 
plied with this assumption applied 
to equation (7) for a near-vertical 
exchanger placed in unconfined 
space. 

The remaining question in the 
design method incorporating equa- 
tions (1), (2), (6), and (7) is the 
validity of the vertical formulation, 
equation (7), for near-vertical con- 
ditions. For positions markedly off 
vertical equation (7) is inapplicable. 

The theoretical section follow- 
ing will develop an approximation 
describing the variation of the heat 
transfer coefficient with angle of 
yaw off horizontal. With a descrip- 
tion of the design method complete 
for any angle of yaw between hori- 
zontal and vertical (including the 

D 
basic assumption regarding —), 

L 
heat rates for a wire-and-tube heat 
exchanger have been computed and 
compared with experimental data. 
The good agreement between the 
experimental data and the com- 
puted heat rates indicates the pro- 
posed design method with its 
several assumptions to be adequate. 


Analytical Results for a Yawed 
Cylinder: An analysis will be pre- 
sented by which the over-all Nusselt 
number may be predicted for lami- 
har free-convection heat transfer 
from a yawed circular cylinder to 
air. The treatment utilizes and ex- 
tends existing solutions for hori- 
zontal and vertical cylinders. The 
motion of a fluid in free-convection 
m the vicinity of a surface may 
often be considered as boundary 
layer flow, and the heat transfer 
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tube (A) and a 
horizontal wire 

A B 
(B). 
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rate from the surface may corre- 
spondingly be determined from a 
solution of the boundary layer 
equations, i.e., the equations ex- 
pressing the conservation of mass, 
momentum, and energy. 

If a cylindrical coordinate sys- 
tem is considered such that the 
z-axis corresponds to the axis of a 
yawed cylinder, and if the cylinder 
is assumed to be of infinite length 
and to have an isothermal surface, 
then the above-mentioned conserva- 
tion principles may be expressed in 
terms of partial differential equa- 
tions as follows: 
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Thus the complete description of 
the free-convection flow field would 
require the simultaneous solution of 
the four boundary layer equations. 
However, the problem at hand is 
not to determine the flow field, 
but rather the temperature field. 
Further, inspection of equation 
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(11) reveals that the temperature 
field is independent of the velocity 
component w (this is true only for 
a cylinder of infinite length). Con- 
sequently, the second momentum 
equation may be eliminated since it 
does not enter into the solution of 
the energy equation. 

The essential boundary layer 
equations for the present problem 
may thus be rewritten as: 
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The solution of this system of 
equations would be exceedingly dif- 
ficult to obtain, and even if a solu- 
tion were available, it would fail 
under certain conditions for cylin- 
ders of quite small diameter due to 
the limitations of the boundary 
layer hypothesis. However, the im- 
portant feature of equations (12), 
(13) and (14) is that they describe 
the mechanism of free-convection 
for the case of a yawed cylinder. 
If these equations are compared 
with the corresponding equations 
for a horizontal cylinder, it is found 
that the two systems of equations 
are identical with the exception 
that the term representing the 
buoyant force in equation (13) is 
multiplied by the cosine of the yaw 
angle. Thus, a solution for the 
transfer of heat from an infinite 
yawed cylinder can be obtained 
simply through the extension of a 
horizontal cylinder solution to ac- 
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cussion, equation (15) may be ex- 


tended to include an infinite yawed 
cylinder by multiplying the quan- 
tity Gr by cos y which gives the 
result 





2 
Nu= 
In{1+ 5 (Grcos y)~*] 
(16) 


This equation represents a solution 
of the Nusselt number for an in- 
finite yawed cylinder. 

Equation (16) is applicable to 
a finite yawed cylinder providing 
the angle of yaw is not too great. 
However, as the cylinder approaches 
a vertical position the analysis will 
fail. In order to eliminate this dis- 
crepancy it will be assumed that for 
high angles of yaw the solution 
exists as a straight line which ap- 
proaches asymptotically at one end 
point the solution given by equation 
(16), and has at the other end 
point (y = 90 deg) a value of Nu 
corresponding to a finite vertical 
cylinder. 

By a method analogous to that 
of Eckert for the horizontal cylin- 
der, Sparrow and Gregg” have 
shown that for the finite vertical 
cylinder (Pr = 0.72) 


2 
In{1+ 4 (Gr D/L) -*] 
(17) 


Na = 





where the Grashof number, Gr, is 
based on the cylinder diameter, D, 
and L is the cylinder height. Thus 
equation (17) represents the end 
point at y = 90 deg for the assumed 
straight line solution. 

A comparison will be made be- 
tween theory and experiment, and 
it will be seen that a favorable com- 
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parison leads to important conclu- 
sions about the behavior character- 
istics of wire-and-tube exchangers. 
Equations (15), (16) and (17) will 
be used for this comparison. 


Experimental Apparatus: A wire- 
and-tube heat exchanger, as_ its 
name implies, consists of a combi- 
nation of solid wires that act as 
extended fins and a single long tube 
that carries the heated fluid. The 
tube itself forms a multi-pass 
channel for the fluid; i.e., before 
the wires are attached in the manu- 
facturing process, the tube is 
shaped upon a plane surface in such 
a manner as to produce the effect of 
a series of equally spaced, equally 
long, straight sections of tubing 
connected by short perpendicular 
lengths on alternate ends. The spac- 
ing between passes is small com- 
pared to the length of the pass, and 
the total number of passes is large. 
The wires of the exchanger are 
placed in pairs so that the members 
of a pair are located on diametri- 
cally opposite sides of the tubing. 
All wires are located perpendicular 
to the tube passes and are joined to 
the tubing by welding. Many differ- 
ent wire gages may be used ranging 
from 10 to 20(AWG). Also, the 
distance between wire pairs may be 
varied. Details of the exchanger 
used in the present tests are given 
in Appendix I. 

In a refrigerator design the 
tube temperature of the exchanger 
is established by the operating tem- 
perature of the refrigerant. Accord- 
ingly, the design method as shown 


by equations (1) and (2) is based 
on the average tube temperature. 
These equations do not include the 
fin efficiency. Since this report com- 
pares experimental data with a 
proposed design method, the inclu- 
sion of fin efficiency in the method 
is desirable to indicate the degree 
of accuracy attained. Such a method 
is described in Appendix II. As 
illustrated by equations (26) and 
(31), values of h may be calculated 
either from average tube tempera- 
ture measurements, t,, or average 
wire temperature measurements, 
t,. In the present work both f, and 
t, were measured. A comparison of 
results obtained utilizing both 
temperature measurements showed 
good agreement, and thus provided 
an indirect check on the accuracy of 
the fin efficiency computations. 


Experimentally, the tempera- 
ture t, was obtained by arithmeti- 
cally averaging the temperature 
readings of eight thermocouples 
uniformly stationed on various 
pairs of wires over the face of the 
exchanger. Each of these thermo- 
couples was attached to the ex- 
changer in such a way as to produce 
a local average temperature read- 
ing. This was done by soldering one 
lead of a 5 mil thermocouple to the 
mid-point of a segment of one of the 
wires of the exchanger and solder- 
ing the other lead of the thermo- 
couple similarly to the wire of the 
exchanger on the opposite side of 
the tube. This technique gave, by 4 
single measurement, an average of 
the two nearly equal temperatures 
existing at the mid-points of the 
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Fig. 3 Comparison of experim 
data of Fig. 1A has been reduce 
coefficient applying only to the 


wires forming a pair as described. 
Two other thermocouples were used 
to obtain the average tube tempera- 
ture. These were soldered to the 
inlet and outlet ends of the ex- 
changer tube. 

The total heat transferred was 
determined from the sensible heat 
loss of water flowing through the 
exchanger, while the average ex- 
changer temperature was above 
that of the ambient air. The heat 
transfer rate is thus determined by 

Q = MC, (t:—t.) (18) 
The inlet and outlet bulk tempera- 
tures t, and t., respectively, were 
measured by means of two partial 
immersion mercury thermometers 
inserted in mixing cups. The small- 
est scale division of a thermometer 
was 0.1 C and estimates of 0.01 C 
could be made with the aid of a 
magnifier. The mixing cups were 
rigidly mounted on the frame that 
supported the test exchanger. The 
test exchanger was hung so that it 
could be pivoted about one of its 
central tubes. Positioning of the 
exchanger between horizontal and 
vertical was readily obtainable be- 
cause flexible rubber hoses were 
used to connect the exchanger to 
the mixing cups. The hoses as well 
as the mixing cups were heavily 
insulated. Even so, when the hoses 
were “shorted” by disconnecting 
them from the exchanger and re- 
connecting them directly, the ther- 
mometers registered a 0.45 C tem- 
perature difference. In this test the 
flow and inlet temperature were the 


MAY 1959 


Angle (degrees) 


ental results with theory. The 
d to yield a semi-experimental 
wires of the exchanger. 


same as those used in the whole 
testing program. This 0.45 C tem- 
perature difference served as a 
correction for the temperature dif- 
ference obtained from the ther- 
mometer readings, for 0.45 C was 
always subtracted from the differ- 
ence obtained from the thermometer 
readings. The corrected tempera- 
ture difference thus obtained agreed 
precisely with the temperature dif- 
ference obtained from the thermo- 
couples that were soldered to the 
inlet and outlet tubes of the test 
exchanger. 

The outlet thermometer read- 
ing fluctuated about an average 
value by as much as + 0.05 C in 
some of the unconfined flow experi- 
ments and by as much as + 0.15 C 
in the confined flow experiments. 
The inlet thermometer readings 
never fluctuated by more than 
+ 0.05 C. The temperatures meas- 
ured by the inlet and outlet ther- 
mocouples did not fluctuate. Pre- 
caution was always taken to have 
the thermometers in contact with 
the water up to their immersion 
marks. These marks were made to 
coincide with the inside surfaces of 
the mixing cups which were main- 
tained filled with the test water. 
The two thermometers registered 
identical readings when they were 
compared side by side in a tempera- 
ture controlled bath over the tem- 
perature range covered by this 
study. 

An indicating instrument, meas- 
uring the flow rate of water, was 
calibrated at the same temperature 
that was used during the testing of 


the exchanger. A check on the cali- 
bration showed negligible change 
from beginning to end of the test 
program. 


Experimental Results: The basic 
heat transfer characteristics of a 
wire-and-tube heat exchanger are 
embodied in Figs. 1A, 1B and 2. 
The effect of yaw in unconfined flow 
is demonstrated by the data of Fig. 
1A for the case of angular position 
determined by rotation of the plane 
of the exchanger about a horizontal 
tube. The results indicate that the 
average heat transfer coefficient is 
reduced by about 25% by a change 
in position from horizontal to verti- 
cal. A less uniform change in value 
of the coefficient is seen to occur in 
Fig. 1B for the case of rotation of 
the plane of the exchanger about 
one of its wires. This is probably 
due to the fact that the blockage of 
the flow by the wires is not as 
serious between zero and 45 deg as 
it is between 45 and 90 deg. 

The effect of locating the 
heat exchanger between confining 
parallel walls is shown in Fig. 2. 
Used as walls were two 1,-in. thick 
insulating structural plates of about 
the same area as that of the face of 
the exchanger. The plates were 
mounted so that they were always 
vertical and parallel. The spacing 
between them was adjustable, and 
their smooth faces were turned to- 
ward each other. The average heat 
transfer coefficient was obtained for 
the particular case of the exchanger 
being mounted with its tubes hori- 
zontal, so that the effect of yaw in 
the confined space is for rotation 
of the wires about a fixed tube. 
Whatever the spacing of the plates, 
the exchanger was always tilted 
enough in the space so that its 
upper edge touched one of the plates 
and its lower edge touched the 
other. The experimental data for 
this case are depicted in Fig. 2 by 
the inverted triangles. The smooth 
curve drawn through the plotted 
points indicates that at small spac- 
ings the effect of yaw is indistin- 
guishable from the effect of mount- 
ing the exchanger vertically in the 
center of the space between the 
plates. At a spacing of about 3 in. 
the effect of yaw starts te predomi- 
nate other effects. At large spacings 
the curve showing the effect of yaw 
appears to approach the curve of 
Fig. 1A, which was obtained for 
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the case of yaw with no confine- 
ment. 

Other curves of Fig. 2 which 
further illustrate the characteristic 
behavior of the exchanger were 
obtained for one particular fixed 
spacing on one side of the ex- 
changer and a variable spacing on 
the other side. Three such curves 
are shown that have resulted from 
the fixed spacings of 2, 4 and 6 in. 
All such curves, necessarily, meet 
with the curve of equal spacing at 
twice their fixed spacing value. A 
typical set of experimental data is 
shown in Appendix III. 


Comparison of Results with The- 
ory: The results shown in Fig. 1A 
for the performance of the heat 
exchanger in unconfined space will 
now be used for comparison with 
the design method, modified to in- 
clude fin efficiency, equations (1), 
(3), (4), (6), (7), and (17). In 
order to isolate the heat that is 
transferred by natural convection 
from the wires of the exchanger 
from that of the tubes and that due 
to radiation from the aggregate of 
wires and tubes, recourse must be 
made to equation (2). The convec- 
tion coefficient for a horizontal tube, 
h., will be assumed to be known by 
equation (6) or (15) with tube 
diameter used to determine the 
Grashof number. The radiation is 
accounted for indirectly by fitting 
the data of Fig. 1A at the point 
y = 0, where both wires and tubes 
are horizontal, and calculating h,. 
This value of h, is assumed to re- 
main constant for all other values 
of y. The value of h, used agrees 
with that for a painted surface with 
an emissivity of 0.9 and a shape 
factor of 0.5. The shape factor of 
wire-and-tube condensers is rough- 
ly 0.6. 

With the quantities h, h, and h, 
known for each value of y, a semi- 
experimental value for h, can be 
obtained independently of equation 
(16) and its high yaw angle extrap- 
olation. These values of h, are 
plotted as experimental points in 
Fig. 3 as a function of yaw angle. 
Good agreement is seen to exist be- 
tween the plotted points and the 
solid curve representing equation 
(16) over the whole range of y for 
which equation (16) applies. It 
may be recalled that the solution 
given by equation (16) fails in the 
neighborhood of y = 90 deg and 
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that the solution is assumed to 
exist as a straight line which 
approaches asymptotically at one 
end point the solution given by 
equation (16) and has at the end 
point (y = 90 deg) a value given 
by equation (7) or (17). The im- 
portant result obtained is that 
existence of such a solution at 
y = 90 deg and neighboring points 
is confirmed. The use of equation 
(7) as an approximation in near- 
vertical cases is reasonable to an 
accuracy of better than 10% for 
off-vertical angles of less than 
10 deg. 


SUMMARY 


Heat transfer characteristics of a 
typical wire-and-tube heat exchang- 
er have been determined for differ- 
ent angular positions of the ex- 
changer between horizontal and 
vertical in both unconfined space 
and between confining parallel 
walls. The elementary unit geom- 
etry for computing the heat rate 
and the effect of off-vertical angu- 
lar position on the convection 
coefficients have been determined, 
and a design method incorporating 
these factors is proposed. The re- 
sults of the design method com- 
pared with experimental data show 
it to be accurate. 


APPENDIX I 


Heat Exchanger Details 
Over-all width 24.75 in. 


Number of tube turns 21 
Number of tube passes 22 


Distance between tube 2 in. 

passes 

Over-all wire length 42.5 in. 

Wire diameter 0.0937 in. 
(approx. 11 
gage) 


Number of wire pairs 86 


Tube diameter 0.251 in. 
Tota] area of wires 2152 in? = 
14.96 ft? 
Total area of tubes 461: in? = 
3.20 ft? 
Wire material steel 
Tube material steel 
Fractional wire area 0.824 
Fractional tube area 0.176 


Number of wire pairs 4 
per in. 


APPENDIX II 


Development of the Formula Used 
in the Experimental Determination 
of h 

The total heat rate, Q, for the ex- 
changer can be formulated in terms 
of tube temperature t;: and fin effi- 
ciency 7 by treating the wire seg- 





ments as extended fins. Such a formu- 
lation is 


Q = ha (Aw+ At) (fe —t) 
e (19) 
with h, given by 
h=hfe+7hefe+h, (20) 


An auxiliary function resembling h, 
is constructed having the form 


he=ohfe+nhefe+nh, (21) 
through which h is defined; thus, 
h’.=vh (22) 
or a 
h=h f:+ hv fw+h, (23) 


Equations (20) and (21) are now 
combined to give 


i hi f:-+h; 
"is nh 


(24) 


By using values applicable to the 
present study, 7 = 0.90, etc. the right- 
hand side of equation (24) can be 
shown to closely equal 0.030. Hence, 
h, can now be written 


ha = 1.03 h’,=0.938 h (25) 


Equation (25) is next substituted into 
equation (19) yielding 


Q=0.93h (Av+ Ar) (te —te) 
(26) 


A similar formula can be developed 
based on minimum wire temperature 
tw instead of the tube temperature t. 
For this development, the rela- 
tionship between the base tempera- 
ture and tip temperature of a cooling 
fin, which has a zero temperature 
gradient at its tip, with t. and tw 
representing base and tip tempera- 
tures, respectively, is given by 
m 


¥s & — ¢, a= (5, —%,) iat: 
(27) 


Now multiply both sides of equation 
(27) by the fin efficiency 
m 


tanh — | 
} P (28) 
m 
—!] 
2 
and so obtain 
sinh — 1 
7 (te — t.) = 
m 
— } 
2 


This formula is applied to the experi- 
m 
mental data with 7 = 0.90 and r l= 


0.60, so that | 
tt — ta =1.18 (tw —ta) (30) 


The heat rate can now be obtained in 
terms of the mid-wire temperature by 
substituting equation (30) into equa- 


=. h w t tw — te 
Q=1098 (Ae + As) (Ht), 


(Continued on page 110) 


ASHRAE JOURNAL 








ormu- 


(19) 
(20) 
ng hy 
(21) 


(22) 


(23) 


now 


7 


(24) 

the 
ight- 
n be 
ence, 


(25) 
into 


(26) 
oped 


iture 
‘e te. 
rela- 
era- 
ling 
ture 


1 te 
era- 


(27) 
tion 


(28) 


30) 
1 in 
. by 
jua- 


31) 


AL 








RESEARCH PAGE 


Bringing together our 


Research and ‘Technical 


activities 


Under the Research and Technical Committee of 
ASHRAE, the activities of the former ASHAE Re- 
search Committee and its Technical Advisory Com- 
mittees are merged with the ASRE Research Com- 
mittee and Technical Committee. The Society is thus 
rovided with an unusual opportunity to combine 
the best features of these committees into an opera- 
tional structure allowing the best possible pattern 
for the future technical and research growth of the 
Society. The development of a pattern for this com- 
bination is challenging, and constitutes the single 
most important activity of the Research and Technical 
Committee at the present time. 

The Research and Technical Advisory Com- 
mittee structure of the former ASHAE differed greatly 
from that of other major engineering societies in this 
country. No other large society had so strongly en- 
couraged research activities by the assignment of a 
sizable fraction of membership dues to its research 
program. This forthright stimulation of research, over 
the years, paid high dividends in research achieve- 
ment and research leadership to the industries with 
which the society has been associated, and gained 
for the society the respect of the other engineering 
societies as well as such groups as the National Re- 
search Council and the Engineers Joint Council. It 
is paramount in our reorganization that these research 
activities should be expanded to cover the additional 
field of refrigeration and that the research program 
be safeguarded in every respect. 

However, it is also recognized that the functions 
of the Technical Advisory Committees under the 
Research Committee of ASHAE performed not only 
a research function, but a general technical advisory 
function as well. Thus, they performed some of the 
functions of the Technical Committees of ASRE, but 
in not nearly as well organized a way. The Technical 
Committees of ASRE were better developed for the 
technical and technological functions they served. 
The committee structure organized all aspects of 
technology so that when questions were posed to 
the society or writing assignments were to be made 
the proper technical committee was readily available 
for use. This technical committee structure is a highly 
valuable one for ASHRAE and, again, every pre- 
caution must be taken to provide a matrix which can 
continue these activities and absorb the technical 
advisory functions of ASHAE. 

The integration of the former research activi- 
ties of ASRE poses no particular problem since the 
research funds involved were modest in compari- 
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son of those of ASHAE. The planned expansion in 
the area of refrigeration research will absorb several 
times the earlier ASRE research program. 

Although the committee structure has not yet 
been developed completely it appears most likely 
that the Research and Technical Committee will be 
divided into two major divisions—the Research Divi- 
sion and the Technical Division. In the Technical 
Division there would be established approximately 
eight technical committees divided into such cate- 
gories as Systems, Heating and Refrigeration Loads, 
Environmental Control and Effects, Basic Equipment, 
and Products and Processes. Under each of these 
technical groups would be a series of committees 
established according to the technological interests 
of the Society. This area of the Research and Techni- 
cal Committee would form a vast pool of technological 
information for advice on technical problems, aid in 
the preparation of the various society publications, 
and similar contributions. 

Parallel to this, the Research Division of the 
Research and Technical Committee would be estab- 
lished with six research groups formed functionally. 
These would be (1) Energy Transfer, (2) Mass Trans- 
fer, (3) Energy Conversion, (4) Environment, (5) Ma- 
terials, and (6) System Analysis. These functional 
divisions would have referred to them all of the 
research problems of the society and they would 
establish from time to time such panels as were 
necessary to perform the individual and specific tasks 
assigned. The membership of these panels would be 
drawn from any areas of society or non-society mem- 
bership as deemed advisable, but in each case, at 
least one member would be appointed from an ap- 

(Continued on page 136) 
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ARI DIRECTORY 


A new Directory of Certified Uni- 
tary Air Conditioners published in 
March by ARI lists 1,234 current 
models of 36 of the 42 companies 
participating in this Certification 
Program. The 42 companies which 
have now signed contracts to test 
and rate their unitary models ac- 
cording to applicable ARI Stand- 


.ards represent over 80 per cent of 


the total industry shipments of 
such equipment. Air conditioners 
covered by the program include all 
types of central residential air con- 
ditioners as well as many types 
used in commercial and industrial 
applications. The program does not 
cover room air conditioners, heat 
pumps, or large field-assembled 
systems. The top capacity of units 
in the certification program is 135,- 
000 Btuh. 

Participants in this program 
have signed firm contracts with 
ARI agreeing to produce, test, and 
rate their units in accordance with 
the applicable ARI Standard and 
to supply test data to the Institute. 
If accepted, the ratings are pub- 
lished in the Directory and the 
manufacturer is given the right to 


__ MAY 1959 


A. T. BOGGS III 
ASHRAE Technical Secretary 


use the certificate and seal on his 
equipment, in advertising, and in 
promotional material. 

Copies of the Directory are 
available through equipment deal- 
ers, Better Business Bureaus, and 
Air Conditioning & Refrigeration 
Institute. 


AMERICAN STANDARDS 


Revisions and additions to several 
American Standards for gas ap- 
pliances and accessories became 
effective for testing on January 1, 
1959. Revised requirements have 
been issued applying to gas-fired 
boilers, central furnaces, vented re- 
cessed heaters, duct furnaces, man- 
ually operated gas valves, relief 
and automatic gas shutoff valves 
for use on water heating systems, 
and domestic gas conversion burn- 
ers. Addenda have been issued for 
the standards covering floor fur- 
naces, water heaters, room heaters, 
and unit heaters. 

American Standard Z 21.8- 
1958, covering the installation of 


STANDARDS PAGE 


| 80% ARI—Standardized 


domestic gas conversion burners in 
equipment designed for solid or 
liquid fuels, has been printed in a 

cket size edition to facilitate its 
use. Editorially revised for greater 
clarity, the pocket size edition is 
available from ASA at a cost of 
35c. 


BUILDING CODES 


Publication of separate pamphlets 
covering code recommendations for 
construction of one- and two-family 
homes is planned by the Building 
Officials Conference of America 
and the Southern Building Code 
Congress. A third group, the In- 
ternational Conference of Building 
Officials at Los Angeles, has issued 
a separate publication covering its 
code provisions for one- and two- 
family units. 


CODE OF ETHICS FOR 
CONTRACTORS 


Heating and air-conditioning con- 
tractors on Long Island, N.Y., have 
joined their union employees in 
establishing a Code of Ethics. Pro- 
visions of the code include agree- 
ments to guarantee their work for 
(Continued on page 130) 
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Meetings ahead 





May 3-6—Air-Conditioning and Re- 
frigeration Institute, Board and An- 
nual Meeting, The Homestead, Hot 
Springs, Va. 


May 17-20—Industrial Heating Equip- 
ment Association, Inc., The Home- 
stead, Hot Springs, Va. 


May 25-28—Design Engineering Show, 
4th Annual Exposition and Confer- 
ence, sponsored by the machine de- 
sign division of American Society of 
a Engineers, Philadelphia, 

a. 


June 1-4—National District Heating 
Association, 50th Anniversary, Sky- 
top, Pa. 


June 4-5—National Warm Air Heating 
and Air Conditioning Association, 
semi-annual meeting, Statler-Hilton 
Hotel, Cleveland, Ohio. 


June 11-13—Heat Transfer and Fluid 
Mechanics Institute, University of 
California, Los Angeles, Calif. 


June 14-18—American Society of Me- 
chanical Engineers, Semi-Annual 
Meeting, Chase-Park Plaza Hotel, 
St. Louis, Mo. 


June 14-19—Electrical Precipitation 
Seminar, Pennsylvania State Uni- 
versity, University Park, Pa. 


June 17-20—National Society of Pro- 
fessional Engineers, Engineering 
Progress Exposition, Hotel Commo- 
dore, New York, N. Y. 


June 22-24—American Societv of Heat- 
ing, Refrigerating and Air-Condi- 
tioning Engineers, annual meeting, 


Lake Placid, N. Y. 


September 2-4—Cryogenic Engineer- 
ing Conference, University of Cali- 
fornia, Berkeley, Calif. 


September 25-29—American Meat In- 
stitute, Palmer House, Chicago, II]. 


November 2-5—11th Exposition of the 
Air-Conditioning and Refrigeration 
Industry, Atlantic City, N. J. 


February 1-4—American Society of 
Heating, Refrigerating and Air-Con- 
ditioning Engineers, Semi-Annual 
Meeting, Dallas, Texas. 


February 1-4—2nd Southwest Heating 
and Air Conditioning Exposition, 
Dallas, Texas. 
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People 


George Kipling is now national service training supervisor of the Norge Diy 
of Borg-Warner Corporation. He will supervise the preparation of service 
program material developed for distributor and dealer use nationally, and will 
direct a national training center, with headquarters at Muskegon, Mich. For 
the past ten years he has been assistant national service manager for Altorfer 
Bros., home appliance manufacturers. 


John Baker has been assigned to assist the technical direc- 
tor of the National Warm Air Heating and Air Condi- 
tioning Association. A mechanical engineer with 25 years’ 
experience in the industry, he was, prior to joining the 
Association, manager of application engineering of Viking 
Air Products Div, National-U. S. Radiator Company. He 
is a Purdue graduate, and has studied further at North- 
eastern University and Case Institute of Technology. 





Keith T. Davis will plan and direct the marketing of a 
new type gas air conditioning unit in his recent appoint- 
ment as manager of gas air conditioning with Bryant 
Manufacturing Company. He comes to this post from 
Syracuse where he was assistant to the senior vice presi- 
dent of the parent company, Carrier Corporation. He 
holds a degree in electrical engineering from the Uni- 
versity of Nebraska. 





Philip P. Anderson becomes chief engineer for Arkla Air Conditioning Corpo- 
ration. He was previously director of development for Carrier Corporation, 
and before that had been in research and design with Servel Inc. 


Thomas P. Bokman moves from Panama City to Hamilton, Bermuda, to work 


with A. J. Gorham, Ltd. 


John W. Wallace, Jr., moves to Cleveland to manage that sales office of the 
Plumbing and Heating Div of American-Standard. In his place as manager of 
the Salt Lake City office will be Frank Macielag. 


T. C. Alexander, President of the T. C. Alexander Company, Denver, has been 
elected President of the Refrigeration and Air Conditioning Contractors 
Association. Long active in the Association’s affairs and activities, he was, 
Chairman of the Convention and Year Book committee last year, and had 
been serving as Ist Vice President when elected to the higher office. 


William Keichline advances from the post of Assistant Sales Manager, Ait 
Conditioning and Refrigeration, Drayer-Hanson, to the position of Assistant 
to the General Manager. Irvin Secord has been appointed Sales Manager for 
Air Conditioning and Refrigeration Products. 


Joseph A. Morris, who has been associated with the Dairy Industry for the 
past 25 years, has been named Regional Sales Manager by Bally Case and 
Cooler Company. His territory will include the state of Missouri, southern 
Illinois, western Kentucky and the southern part of Tennessee. 


Clancy W. Pollock moves into the position of sales manager for the air condi- 
tioning products of National-U.S. Radiator Corporation, from his post 4 
manager of sales and engineering at the Drayer-Hanson Div. He is the author 
of a number of technical papers on air conditioning in several research am 
trade publications. 


William C. Yocum is now vice president in charge of Engineering with Supe 


rior Valve and Fittings Company. He had been Chief Engineer, prior to his 
new appointment. 
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degree in Mechanical Engineering, he also worked for 





A. F. Tudury, whose Refrigerating and Power Specialties Company has re- 
cently been appointed as a Recold Corporation wholesale distributor for 
refrigeration products, has been in the refrigeration business since 1919. He 
first served as a machinist, and later as an erector, designer and plant manager. 
In 1926, he went into business as a refrigeration wholesaler. 


J. A. Cameron is now president of the Marley Company. 
For the ~ six years he has been executive vice presi- 
dent, and was, prior to that, vice president and eastern 
district sales director in New York City. A graduate of 
Pennsylvania State College with a Bachelor of Science 


Ingersoll Rand Company in the sales office. 


C. A. Pickett, formerly Manager of Field Sales Administration, American Air 
Filter Company, Inc., is now Manager of their Merchandise Div. Located in 
the home office in Louisville, Ky., he will be responsible for coordinating the 
integration, development and growth of the marketing activities of all product 
lines merchandised through distributors and sales offices. 


Leon T. Mart, Marley Company, has been elected chair- 
man of the board of directors. A founder of that firm, 
he has been president during the 37 years of its opera- 
tin. A graduate of Lehigh University, he is the author 
of several technical papers, and holds more than 25 Amer- 
ican and foreign patents. He has served on the former 
ASHAE Council, and was recently named a fellow of 
ASME. 





John H. Martin has been appointed Manager of a new Marketing and Re- 
search Div of White-Rodgers Company. Chief Statistician and then Marketing 
and Statistical Coordinator for the firm, he will now be responsible for a 
division set up to do research and reporting of marketing trends affecting sales, 
distribution and production of controls. 


Clement J. Arri, of Stewart-Warner Corporation’s Heating and Air Condi- 
tioning Div, has been named district sales manager for eastern Missouri and 
central and western Illinois. He was formerly sales engineer for Sears, Roe- 
buck in their Heating and Air Conditioning Div. William G. Schanck becomes 
district sales manager, Stewart-Warner, for Connecticut and southern New 
York State. He was previously secretary-treasurer of Schanck, Inc. 


Robert M. Johnson will be responsible for operations in the eleven western 
States, with supervision over branch offices in Los Angeles, San Francisco, 
Portland, Seattle, Denver, Salt Lake City and Phoenix, in his new post as 
western regional manager of General Controls Company. For the past six 
years he has been the Los Angeles branch manager. A graduate of U.C.L.A., 
he has served as chairman of the Gas Appliance Manufacturers Association 
Gas Floor Furnace Group, and is a past president of the Institute of Heating 
and Air Conditioning Industries. 





ASHRAE DUES SCHEDULE ciate Members under 30, $7.50. 








Initiation Annual 
Fees Fees 


Honorary Members none none 
Life Members none none 
Presidential Members none none 
Fellows and Members $12.50 $25.00 


Associates under 30 yrs. $ 7.50 $15.00 


Associates over 30 yrs. $12.50 $25.00 
Affiliates $12.50 $25.00 
Student Members none $ 3.00 


Minimum dues for new Members, 
Associate Members over 30, and Af- 
filiates will be $12.50, and for Asso- 
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Added to the minimum dues for new 
members is $1.00 a month for each 
month remaining in the fiscal year, 
providing that the total dues, payable 
on admission, do not exceed the pre- 
scribed amount of annual dues. 

There will be no special advance- 
ment fee for members moving from 
one grade of the Society to another. 
Members of the constituent societies 
forming ASHRAE will receive credit 
in their dues accounts for any dues 
payments they have made for the pe- 
riod beyond June 30, 1959. 


hat... oss industrial plants which 
require 100% outside air for venti- 
lation must have these systems de- 
signed for reliability and protection 
against freezing. Here, the author 
explains how to design makeup sup- 
ply air systems for freeze protection. 
Heating, Piping and Air Condition- 
ing, April 1959, p 125. 


Ghats 455 dramatic progress has 
been made in recent years in the 
field of thermo electricity. The prin- 
ciples and applications of the Peltier 
and Seebeck effects present a future 
limited only by the imagination of 
the engineer. Modern Refrigeration, 
February 1959, p 138. 


eres the modern practice of 
restricting the heat input into office 
buildings during the night and on 
week-ends indicates that existing De- 
gree-Day information is inappropri- 
ate, based as it is on the premise of 
continuous heating to 65 F inside 
temperature. Two fresh parameters 
of Degree Day information are given 
in this paper. Journal of the Institu- 
tion of Heating and Ventilating En- 
gineers, March 1959, p 309. 


RS. bs 06s keeping in mind the 
optimum background noise level, the 
design goal for a given system should 
be set. After the sound power con- 
tributed by the various noise sources 
is determined and the sound power 
that is carried to the working space 
is computed, the acoustical character- 
istics of the space are figured. The 
resultant sound level is then com- 
pared to the design goal and cor- 
rected if necessary. Mechanical Con- 
tractor, March 1959, p 39. 


ere four more trial voyages 
of the Methane Pioneer, liquid gas 
sea carrier, will be undertaken to 
assess fully the possibilities of such 
ships. The successful first trip across 
the Atlantic to the Thames River in- 
dicates, however, that it is technically 
possible to transport natural gas over 
the ocean in liquid form (2000 ton) 
at a temperature of —260 F. The 
gas is reduced to a volume of 1/600th 


(Continued on page 132) 
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TECHNICAL COMMITTEES" 


PUBLICATIONS SUB-COMMITTEE 


S.C. Segal, Chairman _E. N. Johnson, Vice Chairman G.S. McCloy H.Soumerai V.D.Wissmiller F.G. Peck E. J. Robertson 5S. W. Brown 





* Technical Committees currently organized as Sub-Committee of Publications Committee. Refer to Research Page 
(91) in this issue in which proposed future organization of the Research and Technical Committee is discussed. 


1.0 BASIC THEORY AND MATERIALS: a. s. McCloy, Coordinator 


1.1—Heat Transfer and Fluid Flow 1.6—Brines 
C. H. Coogan, Jr., Chairman E. J. Robertson W. O. Walker, Chairman F. E. Medon 
K. O. Beatty, Jr. J. D. Bopp A. H, Lawrence, Jr 
1.2—Thermodynamics and Refrigeration Cycles A. J. Ferretti 1.7—Thermal Insulation & Vapor Barrie 
E. B. Penrod, Chairman C. T. Ashby G. E, Eggleston J. Kronsbein . V. L. Miller. Cheirmen po r G. M k 
1.3—-Poreheometzy and Air Conditioning Theory ¥. U eee Seeeten k R. McLaughl: 
. L. McGrath, Chairman }: G. Reid, Jr. ao aan c. ae ee 
x —— L. Threlkeld J, M. Berabert KN. Keanedy  G. HL Neptene 
. arouons 
1.4—Physiological and Biological Effects of Cooling w.5 ee F. B. Rowley 
M. K. Fahnestock, Chairman 
F. N. Andrews R. E. Gould M. A. Ramsey 1.8—Definitions and Nomenclature 
E. F. Borgos A. J. Hess R. G. Yeck G. B. Priester, Chairman 
F. E. Boys F. K. Hick P. W. Wyckoff ». R. Achenbach F. J. Reed 
A. W. Brant 5:3. D. J. Renwick B. E. Short 
1.5—Refrigerants, Desiccants, Sicholemnte & Systems oe 1.9—Thermoelectric Refrigeration C. F. Alsing 
R. C. McHarness, Chairman F. den E. R. Wolfert, Chairman H. E. Keeler 
¥ D. Pp. H. W. Deuker E, 5. Ross L. A. Staebler N. E. Lindenblad 
. P. Cummings J. B. Kelley W. F. Wischmeyer R. L. Eichhorn L. K. Warrick 
2.0 BASIC EQUIPMENT: _H. Soumerai, Coordinator 
2. ree & Rotary Compressors 2.5—Liquid Chillers and Water Cooled Condensers 
W. Garland, Chairman s B. Nissley R. M. Armstrong, Chairman C, E. Drake 
he ‘A. Galazzi Soumerai J. R. Chamberlain H. E. Rex 
2.2—Centrifugal & Axial Flow Compressor 2.6—Condensing Water Conservation Equipment, 
J. R. Chamberlain, Chairman Caswell C. A. Macaluso Water Treatment & Availability 
2.3—Absorption & Steam Jet ARTES. W. J. Donovan, Chairman F. W. McKenna 
E. P. Whitlow, Chairman Louis Leonard D. R. Baker R. H. Savage 
P. P. Anderson, Jr. r L, Smith, Jr. T. Facius R. M. Westcott 
G. R. Bell Epenees 2.7—Air Cycle Refrigeration Equipment 
2.4—Air Cooling Coils, Fan-Coil Units am ir Cooled Condensers L. G. Desmon, Chairman 
O. J. Nussbaum, Chairman George Sinichko 
R. M. Armstrong C. C. Smith 
M. L. Ghai W. R. Yeary 
W. J. Donovan D. B. Zipser 
3.0 AUXILIARY EQUIPMENT: _v. D. Wissmiller, Coordinator 
3,1—Controls and Valves 3.4—Sound and Vibration Control 3.7—Fixed Restrictor Devices 
A. Schenk, Chairman E. F. Kounovsky R. L. Miller, Chairman Carl W. Lemmerman H. A. Whitesel, Chairman 
Yel Albright ” C. Rennecamp R. S. Barlow P. B. Moore H. W._Deuker 
K. M. Gerteis P. O. Penn C. A. Hathaway N. E. Hopkins 
J. E. Kumler . S. Sterner 3.5—Corrosion—Causes and Control M. G. Shoemaker 
3.2—Motors and Motor Starters B. A. Phillips, Chairman D. E. Kvalnes L. A. Staebler 
A. P. White, Chairman E. C. Kennedy E. A. Beacham F. E. Medon E. W. Zearfoss 
W. R. Fay W. R. Page B. F. Edman W. O. Walker 
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* Pending establishment of unified ASHRAE 
chapters, meetings of former ASHAE Chapters 
(H) and former ASRE Sections (R) are proposed 
upon the basis indicated above for early months. 


What ASHRAE Chapters are doing 
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Thermoelectric heating and cooling and recent developments in the nuclear field 
led the list of timely topics; the many points of interest, some in seminars, panels 
and one regional meeting, included solar furnaces, inspection of air condition- 
ing installations, and other theoretical and practical aspects of the industry. 


RHODE ISLAND (H).. . Martin Rolland, Chief 
Mechanical Engineer of Anderson Nichols was the 
engineer in charge of design and construction of the 
Texas Tower, an installation in the Atlantic, about 
120 miles southeast of Boston. 

At the March meeting of this chapter, he pre- 
sented a film on the construction of the Tower, and 
discussed its engineering points. 


MICHIGAN-DETROIT . . . At a joint meeting of 
the two groups, R. B. Sangston and J. O. Wright, 
both of E. I. du Pont de Nemours & Company, gave 
an illustrated discussion on the market potential 
of air conditioning. This was based on a survev 


by their company which was conducted in August 
1957. 


JOHNSTOWN (H). . . Thermoelectric Refrigera- 
tion was explained and discussed at the March 
meeting of this chapter by W. L. Wright of the 
Westinghouse New Products Engineering Dept. 
After a brief summary of the Seebeck, Peltier and 
Kelvin laws and their history, he led into the pres- 
ent day development of thermoelectrical devices. 
Answering members’ queries, Mr. Wright men- 
tioned that present applications are limited to small 
spot cooling. Household refrigeration units will be 
practical in the near future, he concluded, but con- 
siderable further development is needed before 
residential heating and cooling are practical. 


OKLAHOMA (H).. . Director of Industrial De- 
velopment in Oklahoma City, Paul Strasgaugh, ex- 
plained to members meeting in March the function 
of the Chamber of Commerce in promoting indus- 
trial growth in the city. 
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PANAMA and CANAL ZONE (R) . . . Zino Knapp, 
of the program committee, presented a film on Spor 
lan Expansion Valves at the mid-March meeting of 


this chapter. 


ONTARIO-WESTERN NEW YORK (H).. . Com 
bustion of Natural Gas in Boilers was discussed after 
these men had toured the American Standard Prod- 
ucts (Canada) Ltd. pottery plant to see the appli- 
cation of natural gas in the manufacture of pottery 
products. L. S. Reagan, President, Webster Engi- 
neering Company, was the speaker. 


NORTHERN OHIO (H) . . . Responsibilities of the 
engineer, general contractor, sub contractor and 
supplier were covered when Steven Matsen of the 
law firm of Baker, Hostetler & Patterson gave a talk 
on Legal Aspects of Our Business. Atty. Matsen 
advocated settling differences out of court wherever 
possible. 


ONTARIO (R) . . . Outlining the short history of 
the development of packaged systems, George Fink, 
Dunham-Bush, Inc., addressed this group recently. 
Speaking on the Application and Operation of Pack- 
aged Water Chillers, he noted the advantages and 
disadvantages which should be observed in these 
systems. He concluded with a listing of the “do's” 
and “don’ts” to remember when selecting and oper- 
ating this type of equipment. 


MIAMI VALLEY (H) . . . Permanent capacitor type 
motors are more economical in operation than the 
shaded pole motor in the fractional hp sizes, Robert 
W. Leland, Electrical Staff Engineer for small mo- 
tors, Delco Products, Div of General Motors Cor- 
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poration, reported at the March chapter meeting. 

He spoke of the characteristics of electric mo- 
tors as they apply to the heating and air conditioning 
field. 

There can be substantial saving in power con- 
sumption, he continued, by using the permanent 
capacity motors as in a fan coil unit in a large office 
building or hotel. On the average, he said, a per- 
manent capacitor motor smaller than 1/10 hp is 
not economical in first cost so a shaded pole type is 
recommended on this size. 


PUGET SOUND (H).. . At the March meeting of 
this chapter members heard Roland Pillet, North- 
west Associates, on the Design Application and 
Limitations of the Heat Pump for Residential and 
Commercial Installation. 


LOUISVILLE (R) . . . Five different test methods 
of noise evaluation are now accepted by acoustical 
engineers, J. W. Overend, Koppers Company, Sound 
Control Dept, told those assembled in March. Each 
method will yield a different attenuation value for 
the same sound trap, he pointed out, and until one 
test method is accepted as a standard it will be 
unrealistic to compare data for attenuators from 
different manufacturers. 

Pitfalls of writing noise specifications for air 
handling systems were also discussed. The method 
of testing, test equipment, location of microphone, 
type of room furnishings and other factors must be 
included in the specifications, he stressed, as well 
as the decibel level throughout the frequency range 
of objectionable noise. 

An engineer who conscientiously approaches a 
noise problem can provide noise specifications, Mr. 
Overend noted, but he is definitely handicapped bv 
the lack of standards in the industry. 

A quick summary of the noise attenuating de- 
vices available for air conditioning ducts was given. 


ARIZONA (H) . . . Industrial sources of smog are 
simpler to control than those of transit and home 
owners, Charles Pickeral noted at the March meet- 
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ing. The guest speaker, of the Arizona Public Serv- 
ice Company, stressed automobile exhaust and trash 
burning as prime factors contributing to Smust. 
An added feature was the report on the activities 
of the local Air Pollution Committee by Delmor 
Browning, Engineer for the City of Phoenix. 


GOLDEN GATE (H) . . . Several questions at the 
end of his talk were spurred by Ray Hawksley, con- 
sulting chemical engineer, when he met with this 
group in early March to present his views on scale 
and corrosion in closed heating and air conditioning 
systems and cooling towers. 


WESTERN MICHIGAN (R). . . Recent attempts 
at super-insulation and the reasons for their lack of 
success were given by E. D. Cox, Sales Manager, 
Industrial Insulation Dept, Johns-Manville Com- 
pany, recently. 

Speaking on insulation applications, he analyzed 
briefly the theory of heat transfer and appliance 
insulation, and included a description of non-organic 
fiberous insulation manufacture. 

New developments in high performance mate- 
rials that may eventually become economical for 
appliance use were also noted. 


FORT WORTH (H). . . Moisture in Refrigerant 
and its effect on equipment was the topic of March 
evening here when Lou Wallace, Copeland Refrig- 
eration Corporation, addressed the group. 


PHILADELPHIA (R) . . . Thermoelectric Cooling 
was the topic chosen by L. A. Staebler, Manager, 
Advanced Development Dept., Appliance Div, Philco 
Corporation, when he met with these members in 
April. 

Covering briefly the history of thermoelectricitv 
and some of the recent interests and activities in 
this field, he went on to compare this method of 
refrigeration with the conventional vapor compres- 
sion cycle. He covered design problems in thermo- 
electric cooling, economic considerations in the use 
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of thermoelectricity and present day applications. 

Government and industry are pouring millions 
of dollars into this type of research, he said, and we 
may, therefore, conclude that it is here to stay. 

However, he cautioned, its present use will be 
limited to military applications, where cost is not 
a practical consideration, and to small appliances, 
where only limited amounts of cooling are neces- 
sary (150 Btu/hr or less). 

He ended his talk by showing several working 
models of thermoelectric refrigeration. 

Toward the end of March, this chapter spon- 
sored their annual Basic Refrigeration Seminar. This 
year the program was moderated by James L. Wolt 
and covered four fundamental categories. 

J. P. Sheehan, Trane Company, spoke on the 
Refrigeration Cycle; A. A. Rockafellow, Dunham- 
Bush, Inc., gave his views on the Components of the 
Refrigeration System; J. R. Harnish, York Corpora- 
tion, presented a lecture on Refrigerant Piping; 
and W. Staatz, York Corporation, concluded the 
seminar with an address on the Operation and Main- 
tenance of the System. 


WASHINGTON, D.C. (H) . . . Illustrating the prin- 
ciples of body temperature regulation and heat bal- 
ance, David Minard, head of the Thermal Stress 
Control Branch, Bureau of Medicine and Surgery, 
USN, addressed this chapter in March. He used 
graphic records of heat output from human sub- 
jects resting and working under environmental con- 
ditions in the human gradient calorimeter at the 
Naval Medical Research Institute, Bethesda, Md. 


UTAH (H) . . . Demonstrating the effect of ground 
corrosion and electrolysis on different types of alloys 
and metals, Harry Brough, Mountain Fuel Supply 
Company, met with these members late in March. 


DAYTON (R) . . . Basic design of the two most 
widely used air cycle compressor methods of con- 
trolling cockpit temperature and humidity was pre- 
sented at the March meeting by F. R. Eberback. 
Speaking on the topic Aircraft Air Conditioning, 
he gave a brief history of the development of air- 
craft heating systems, beginning with the exhaust 
manifold heaters used on early aircraft. 


GEORGIA-ATLANTA .. . Nuclear scientist Wii- 
liam H. Jones, spurred a question period when he 
addressed this joint chapter early in March on the 
general developments in the Nuclear Field. He is 
with Emory University in Georgia. 


CENTRAL NEW YORK (H).. . Peter Reinisch 
moderated a panel discussion on Our Responsibilitv 
for a Given Air Conditioning or Heating System 
to an Owner, at a recent meeting here. Architect 
R. T. Clark, Engineer Henry Galson, Piping Con- 
tractor Kenneth A. Taylor, Manufacturer of heavy 


TELL LEEPER 


equipment John Klaiber, and Manufacturer of reg 
dential equipment Stewart Segerstrom, took part jj 
presenting the various views. 


REGION 9 (R)... A field trip to the MGM Studigg 
and a welcoming address by ASHRAE Presiden} 
Cecil Boling launched the recent West Coast typ 
day regional meeting. 

The Los Angeles Chapter (R) sponsored the 
symposium during which four papers were presented 

Development in the Application of the Air Cup 
tain in Refrigeration and Air Conditioning was th 
subject of the first technical session. A rectangular 
jet of air goes through four phases from the tim 
it leaves the nozzle until the jet is diffused with the 
ambient air, said Edward W. Simons, Consulting 
Engineer, in explaining how the knowledge of thes 
air jet phases was put to use in refrigeration. The 
air curtain is the refined art of air distribution, he 
said. 

In the second paper, on the Thermal Electric 
Heat Pump and Its Applications, M. B. Grier, Senior 
Engineer, Nortronics Div, Northrop Corporation, 
remarked that practical applications of thermo 
electricity are at hand. Solar generators, also, are 
being contemplated as auxiliary power on space 
craft of the future. 

Frank Raufeisen, Engineer, Bell & Gossett 
Company, read his father’s paper on Practical 
Evaluation of Design Features in Modern Compres 
sors, at the opening session of the next morning. 

Ten to 100 ton compressors have been com 
structed with a connecting rod length equal to three 
times the stroke, he said, with a bore not exceeding 
1.25 times the stroke, 500 Ib/sq in. loading in bear 
ing areas and 800 fpm piston speed. 

Compressors which are run at 1750 rpm and 
higher appear to have as long a life as the slower 
speed belt driven type, he noted. Brake hp of 4 
compressor is determined by laboratory tests, he 
explained. Perhaps the greatest differences in de 
signs of modern compressors, he said in his final 
remarks, are the manufacturer and the quality o 
his work. 

Tests conducted using pyrex tube sections for 
visual observation of oil travel in both vertical and 
horizontal lines were explained by Norman Sharpe, 
Air Conditioning and Refrigeration Department, 
California State Polytechnic College. 

In a paper entitled New Answers to Lubrick 
tion Problems on Refrigerant-12 and 22 Systems, he 
went on to note that a drop in the heel of a riset, 
using an elbow and return bend, created a turbt 
lence that returned oil up the riser at velocities 
between 400 and 500 rpm. Apparently, he surmised, 
the oil traveled as a mist or vapor. Velocities 
500 fpm and above also induced an upward flow 
of an oil film on the riser walls, he stated. 

Horizontal lines using velocities as low as 375 
fpm gave no oil return problems on the test system 
using 150 ft of 1 in. suction line. Compressor desi 
appeared to determine the quantity of oil in 
suction line, he noted in conclusion. 

At the final luncheon of the regional meeting 
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Dean Harold P. Hayes, Engineering Dept., Cali- 
fonia State Polytechnic College, remarked on what 
he considers to be a serious problem arising, in- 
ylving the requirement of a Professional Engi- 
yeer’s license as a promotional step in job advance- 


ment. 


NEW YORK ... For the April joint meeting of the 
Chapter and Section, more than 100 members and 

visited the New York International Airport, 
received a guided tour of heating and cooling fa- 
cilities for the comfort conditioning of work and 
assembly areas, heard Charles Broder explain the 
design and engineering thinking behind the project 
and participated in an after-dinner question and 
amswer program. 


PHILADELPHIA (H) .. . The AEC Nuclear Power 
Program wes discussed with these members in 
March when Edwin L. Currier, Chief Fuel Engi- 
neer, Nuclear Products, addressed the group. 


FLORIDA WEST COAST (R) . . . Developments 
in the solar furnace and its many possible applica- 
tions were points noted by H. E. Voegeli, Develop- 
ment Engineer, American Brass Company, when he 
spoke before this group in March on Bridling the 
Sun. 


CONNECTICUT . . . Two chapters, Connecticut 
Valley (R) and Southern Connecticut (R) met with 
this (H) one in a combined meeting recently. ASH- 
RAE President Cecil Boling addressed the group on 
ASHRAE, the merger problems and the future of 
the combined society. 


BRITISH COLUMBIA (H) . . . Principles of design 
and the method of manufacture of Carrier absorp- 
tion refrigeration machines from 60 to 700 ton were 
given in an address by Roy Rahme, Carrier Cor- 
Poration western representative (Canada). 


NEW YORK (H).. . Outlining the development 
of calculating devices, Arthur P. Ferlan of Reming- 
ton Rand Univac Div of Sperry Rand Corporation, 
gave a talk on Environmental Conditions for Digital 
4mputers: Included in his program was a discus- 
sion of the heat loads of computers, the need for 

removal, humidity contro] and heat removal. 


TWIN CITY (R) . . . As United States representative 
to the refrigeration convention in Moscow, Dr. R. C. 

took many slides and formed a few opinions 
lst fall. Head of the Mechanical Engineering Dept. 
University of Minnesota, he addressed these mem- 


Uv tnianysusauiynanenydntHti Mn 


MAY 1959 


sent UNNANEUUUUULAUCUQUUUAQUQUOGUUAUUOUOUERSOGNNC04QUGUHUOUUGUEL CUAL UUUREETEAENUAOUCOTOQUOUUOU TOTES TDEAETOUAGAAAAE AAA 


VUUVUULEUPUT TOU UEDUET OU PUA POUCA EERE EE ee 


bers in March on many phases of Russian life, 
including the refrigeration and air conditioning 
equipment used in the Soviet Union. 


CENTRAL OHIO (H) . . . Two of the largest re- 
cent air conditioning installations in downtown 
Columbus were inspected by these members in mid- 
March. The Beacon Mutual Building system which 
utilizes steam in its absorption chiller and the Ohio 
Fuel Gas Company’s two installations, both of 
which have natural gas engines driving the recipro- 
cating compressors, were visited. 


CHICAGO (R). . . Basic construction costs of to- 
day’s warehouse have been reduced to about 60% 
of the cost in 1920 by use of simple design and 
modern materials, Don A. Parkhurst told members 
at the pre-dinner meeting. The President of Burge 
Ice Machine Company discussed Fallacies, Facts 
and Figures on cold storage warehouses 

In reviewing modern trends in warehouse siz- 
ing, location and construction he mentioned oper- 
ating methods and cost of such features. The size 
of a warehouse is governed by the amount and type 
product to be stored, he reminded his audience. 
The location of storage warehouses is influenced 
more by access to rail and truck routes than near- 
ness to the customer, as in the past. 

Today, the speaker concluded, the consumer 
demands strict product temperature control by all 
frozen food handlers, including truckers, warehouse 
men and retailers. A code is being developed to 
insure proper handling for product protection. 

After dinner, guest speaker Russell E. Kraft 
reviewed the design of heat pumps and their con- 
trols. He is Applications Engineer for Ranco, Inc. 
Heat pumps are rapidly becoming competitive to 
the conventional methods of heating, he noted, espe- 
cially in the south where window units are used 
widely for both heating and cooling. New designs, 
materials and controls are factors in this spurt of 
growth. 

Besides good service-free reversing valves, the 
system requires correct proportioning of inside and 
outside coil surfaces, he warned his listeners. Also, 
since the coils will begin to freeze at 32 F a good 
de-icing control must be provided. 

One type of control noted by the speaker uses 
a bulb in the air stream, one to measure coil tem- 
perature and one to measure outside air tempera- 
ture. The measuring elements for these three tem- 
peratures are arranged to automatically reverse the 
cycle for defrosting as soon as icing begins to form, 
and returns the system to the heating cycle as soon 
as defrosting is completed. 

By use of other devices for refrigerant control 
and the use of improved coil design and arrange- 
ments, he explained, the heat output of heat pumps 
at 20F outside air temperature may be increased 
to about the same value as the chilling rating. 
Additional improvement is expected in the very 
near future, he said at the end of his talk. 
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Candidates for ASHRAE Membership 


by advising the Executive Secretary on or before May 
31, 1959 of any whose eligibility for membership is 
questioned, Unless such objection is made these can- 
didates will be voted upon by the Board of Directors. 


Following is a list of 151 candidates for membership 
or advancement in membership grade. Members are 
requested to assume their full share of responsibility 
in the acceptance of these candidates for membership 


REGION I 
Connecticut 
Day, T. L., Chief Designer, Connor 
Engineering Corp., Danbury. 


Massachusetts 
STOFFREGEN, R. L., Sales Engr., Hoyt- 
Gerrish, Inc., Cambridge. 


New Jersey 

CLARK, A. D., Engr., Blair & Aldous 
Inc., Passaic. 

SWANSON, H. L., Jr., Sales Engr., 
John J. Nesbitt, Inc., East Orange. 


New York 

CALLAHA¥, J. J., Mech. Engr., West- 
ern Electric Co., Inc., New York. 

D’ALESANDRO, PETER, Pres., Cold 
Wave Cooling Corp., New York. 

DomBROWSKI, B. D., Sr. Tech., Carrier 
Corporation, E. Syracuse. 

DurHAM, R. F., Sr. Engr., Carrier 
Corporation, Syracuse. 

EDWARDS, RODNEY, Supvsg. Mech. 
Engr., Burns & Roe, Inc., New 
York. 

ENRIGHT, P. P.,* Sales Engr., Johnson 
Service Co., Albany. 

GRODNER, Murray, Chief Engr., D. L. 
Dineen Sales & Service Corp., 
Jamaica, L. I. 

HartTtey, T. M., Sales Mgr., Union 
Carbide Chemical Co., New York. 
Hauser, P. J., Design Engr., Buensod- 

Stacey, New York. 

HEDLEY, R. P., Owner, Hedley Sales 
Co., Buffalo. 

Howe, W. E., Proj. Engr., Joseph 
Davis, Inc., Buffalo. 

OLDENHAGE, F. G., Sales Engr., Amer- 
ican Radiator & Standard Sanitary 
Corp., Industrial Div., New York. 

PRIETO, JOHN, Chief Engr., Federal 
Air Conditioning Corp., New York. 

Ryan, F. C., Chief Engr., Harrison 
Radiator Div., General Motors 
Corp., Lockport. 

StTRATZ, J. G., Middle East Repr., Car- 
rier Corporation, International 
Div., Syracuse. 

Waite, E. M., Sr. Designer, Voorhees 
Walker Smith Smith & Haines, L. I. 
City. 

Weiss, R. I., Sales Engr., Universal 
Diffuser Corp., Tuckahoe. 


WRIGHT, EMANUEL, Pres., Federal Air 
Conditioning Corp., New York. 


REGION Il 
Canada 


BUCHANAN, S. C., Mgr., B. Boe, Ltd., 
Vancouver, B. C. 
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CADORETTE, C. J., Asst. Mgr., Atlas 
Webster Industries, Ltd., Montreal, 
Que. 

DURRANT, M. P., Prod. Engr., Trane 
Co. of Canada, Toronto, Ont. 

FIsHER, H. K., Proj. Capt., Canadian 
rea Co., Ltd., Edmonton, 

a. 

HANSON, E. W., Sales Mer., Htg. Div., 
B. C. Western Supplies Ltd., New 
Westminster, B. C. 

HEDEGAARD, C. E., Designer, Vinto 
Engineering, Ltd., Edmonton, Alta. 

HERBERT, W. V.,+ Mech. Engr., North- 
ern Affairs & National Resources 
Dept., Ottawa, Ont. 

Hopeson, J. H., Chief Engr., Aga 
Steel Radiators of Canada, Ltd., 
Ajax, Ont. 

KILFOYLE, W. M., Dist. Mgr., Libby 
Engineering Ltd., Winnipeg, Man. 
KRISTOFL, FERDY,* A-C. Designer, 
H. G. Acres & Co. Ltd., Niagara 

Falls, Ont. 

MAcPHERSON, J. S., Sales Repr., 
Fiberglas Canada Ltd., Vancouver, 
SR 

McCauGuHeEy, J. H.,* Tech. Officer 
Grade 4, Building Construction 
Branch, Dept. Public Works, Ot- 
tawa, Ont. 

McKnIcHT, J. A., Asst. Sales Mgr., 
Carrier Engineering Ltd., Toronto, 
Ont. 

PaTcH, P. R., Het. & Vtg. Engr., Alu- 
minum Co. of Canada, Montreal, 
Que. 

ROMANO, M., Engr., Libby Engineer- 
ing Ltd., Montreal, Que. 

SANForD, A. J., Sales Engr., Whelan 
Heating & Sheet Metal Ltd., Van- 
couver, B. C. 

SHRODER, Bos, Owner, 
frigerating & Air 
Toronto, Ont. 

SOWINSKI, BERNARD, Estimator, Appl. 
Engr., Worthington Canada Ltd., 
Town of Mount Royal, Que. 

THEEUWEN, A. C., Designer, Supvsr., 
Crowther-McKay & Assocs., Van- 
couver, B. C. 


Shroder Re- 
Conditioning, 


REGION Ill 


District of Columbia 

GOLDSCHMIEDT, H. R., Chief Engr., 
Frank Blanch Co., Inc., Washing- 
ton. 

GORMAN, S. F., Co-owner, Southern 
Utilities Co., Washington. 


Maryland 
HY Lg, H. K., In charge Climatic Facil- 





ity, U. S. Government, Army Chem- 
ical Center, Edgewood. 
Hupson, R. E., Div. Mgr., Frigidaire 
Sales Corp., Mt. Rainier. 
MorrittT, J. T., A-C. & Refr. Mech., 
U. S. Government, Army Chemical 
Center, Edgewood. 


Pennsylvania 

BALL, P. J., Sales Engr., York Corpo- 
ration, Philadelphia. 

CLEAVER, K. O., Sales Engr., Dunhan- 
Bush, Inc., Jenkintown. 

DREKSLER, M. Y.,+ Engr., Frick Co. 
Waynesboro. 

EICHLER, JAY, Draftsman, R. I. Ball- 
inger Co., Philadelphia. 

Grecc, E. F.,* Mfrs. Repr., Elkins 
Park. 


HALLOWELL, W. S., Estimator & 
Supvsr., Bowers Bros. Co., Phila- 
delphia. 


Marsh, C. J., Estimator & Draftsman, 
Bowers Bros. Co., Philadelphia. 
Marsu, G. S., Owner, Marsh Sales 
& Service, Waterford. 

MEEss, J. D., Sr. Devipt. Engr., West- 
inghouse Electric Corp., Pittsburgh. 

O’CONNELL, W. J., Chief Engr., Berks 
York, Inc., West Reading. 

Scort, FRANK, Field Engr., J. C. Pen- 
ney Co., Pittsburgh. 
SKoNE, H. J., Owner, Advanced Re- 
frigeration Service, Johnstown. 
SopERBERG, R. H., Sales Engr., Trion, 
Inc., McKees Rocks. 

TARELTON, D. B., Draftsman, Bur- 
roughs Corp., Radnor. 

WIDERMAN, W. D., Gen. Sales Mgr., 
John J. Nesbitt, Inc., Philadelphia. 


Virginia 

MERONEY, RAYMOND, Designer, New- 
port News Shipbuilding & Dry Dock 
Co., Newport News. 


West Virginia 
Mason, J. R., Mfrs. Agt., Charleston. 


REGION IV 

Florida 

Davis, B. D., Sales Engr., George A. 
Israel Co., Tampa. : 

PENNINGTON, C. W., Asst. Prof., Unt 
versity of Florida, College of Engr 
neering, Gainesville. a 

RycH Lik, C. V., Deputy Dir., Climatic 
Laboratory, Eglin. 

Troy, W. Gunes Troy Air Control 
Co., Ft. Pierce. 


Georgia 
BARNARD, LLoyD, JR., Engr., Newcomb 
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& Boyd, Atlanta. 
LinTON, E. L., Draftsman, Erickson’s, 
Inc., Savannah. 


North Carolina 
WituiAMs, J. A.,* Supt., Sales Engr., 
Citizen Heating Co., Asheville. 


South Carolina 

Lone, G. C., Engr., J. E. Sirrine Co., 
Greenville. 

VAUGHAN, L. W., A-C. Engr., E. I. du 
Pont de Nemours & Co., Inc., Cam- 
den. 


REGION V 
Indiana 
CurRIsE, W. F.,* Mgr., American 
Blower Corp., Indianapolis. 
Huprer, L. G., Lab. Supvsr., Whirl- 
pool Corp., Evansville. 


Ohio 

Bises!, P. J.. Appl. Engr., Worthing- 
ton Corp., Cleveland. 

CANFIELD, S. A., Sales Engr., Madi- 
son-Richland Plumbing & Heating 
Inc., Mansfield. 

CHRISSINGER, W. O., Mfg. Repr., W. 
0. Chrissinger Co., Columbus. 

Comer, L. W., Partner, Ralph J. 
Kramer, Comer & Passe, Columbus. 

Evans, W. J., JR., Sales Engr., Alu- 
minum Co. of America, Dayton. 

HUTCHINGS, R. D., Sales Engr., Spor- 
lan Valve Co., Cleveland. 

KILBANE, J. P., Appl. Engr., Dunham- 
Bush, Inc., Fairview Park. 

NEUMAN, J. W., Htg. Engr., Robert 
S. Curl & Assocs., Columbus. 

PLUMMER, W. A., Sales Engr., The 
Trane Co., Circinnati. 

RUTHERFORD, G. A., JR., Sales Engr., 
Minneapolis - Honeywell Regulator 
Co., Cleveland. 


REGION VI 

Illinois 

Bernearp, J. J., Chief Engr., Match 
Corporation of America, Chicago. 

Biomquist, R. T., Draftsman, Sund- 
berg Engineering Co., Chicago. 

Henry, V. M., Repairman, Common- 
wealth Edison Co., Harvey. 

JaRIK, G. J., Asst. Chief Mech. Engr., 
Skidmore, Owings & Merrill, Chi- 
cago. 

Lapner, R. J., Assoc. Engr., Visking 
Co., Div. U.C.C., Chicago. 


lowa 
BALES, WILLIAM, Jr., Appl. Engr., 
Lennox Industries, Inc., Des Moines. 


Michigan 

DULL, W. M.,* Staff Engr., The De- 
troit Edison Co., Detroit. 

JacoBson, L. A., Vice-Pres., Sales & 
Engrg., Jacobson Coal & Oil Co., 
Detroit. 

KINGERLEY, ALFRED, Asst. Dist. Sales 
Mgr., Wolverine Tube, Detroit. 

PAPPENDICK, W. E., III, Sales Engr., 
Armstrong Cork Co., Grand Rapids. 


Minnesota 
ARKOLA, W. J., Supvsg. Chief Engr., 
Roseville School Dist. 623, St. Paul. 
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REGION VII 


Alabama 

ALLMAN, ELBEY, Sec.-Treas., York 
Climatic Engineers, Inc., Mobile. 

Aycock, T. M., Vice-pres., Best Air 
Conditioning Corp., Mobile. 

CLEMENTS, P. C., Instr., State Voca- 
tional School, Mobile. 

ESKEW, HAROLD, Partner, H. L. Es- 
kew & Sons, Birmingham. 

MARSHALL, W. P., Dist. Mgr., Penn 
Controls, Inc., Birmingham. 

MarTIN, G. M., Sales Engr., Minne- 
apolis-Honeywell Regulator Co., 
Mobile. 

Myutius, W. G., JR., Sec. Head, The 
Rust Engineering Co., Birmingham. 

WayYMAN, W. L.,* Engr., The Hardy 
Corp., Birmingham. 

WEAveER, R. D., Engr., Van Keuren 
Davis & Co., Birmingham. 


Kentucky 

BALLARD, E. C., Sales Engr., Ver- 
sailles Products, Div. Metals & Con- 
trol Corp., Versailles. 

Mutry, R. D., Asst. Chief Engr., Ver- 
sailles Products, Div. Metals & Con- 
trol Corp., Versailles. 


Louisiana 


QUARTANA, J. J.,* Partner-Design 
Engr., Buse, Quartana & Assocs., 
New Orleans. 


HAMILTON, J. C., JR., Sales Engr., 
Hamilton Fixture Co., Inc., Laurel. 


Missouri 

BuRKE, J. M., Sales Engr., Acme In- 
dustries, Inc., Kansas City. 

LockE, R. W., Mgr., The Walling Co., 
Kansas City. 

MONNING, E. G., JR. Br. Megr., 
Spaulding Fibre Co., Inc., St. Louis. 

SHarP, D. A., Secy., H. C. Sharp Co., 
St. Louis. 

SHONFELT, C. H., Archt. & Engr. 
Repr., American Standard Corp., 
Kansas City. 


Tennessee 


FERRELL, R. L., Pvres.-Gen. Mer., 
Farnsworth Heating & Supply Co., 
Bristol. 


REGION Vill 


Oklahoma 

Guzey, A. E.,* Sales Engr., J. R. 
Henderson Co., Oklahoma City. 

HENpRICKS, R. S., Mfrs. Repr., Okla- 
homa City. 


Texas 

HOFFMAN, WILLIAM, Sales 
Decker & Roberts, Ft. Worth. 

McApaM, J. G., JR., Tech. Information 
Spec., General Electric Co., Tyler. 


Engr., 


REGION IX 


Colorado 
McKeEzE, J. C.,* Mech. Engr., Riley En- 
gineering Corp., Denver. 


Kansas 
TayLor, E. W.,* Owner, Taylor Re- 
frigeration & Heating Co., Topeka. 


New Mexico 

Cotter, P. F., 1/Lt., Test Proj. Officer, 
U. S. Air Force, 4925th Test Group 
(Atomic), Kirtland, AFB. 


REGION X 


Arizona 

CHUPPA, SAM, Pres., Rincon Air Con- 
ditioning & Heating Co., Inc., Tuc- 
son. 


California 

ApAms, N. D., Mech. Designer & Job 
Captain, J. S. Hamel Engineers, 
Inc., Burbank. 

CANHAM, E. A., Sr., Designer, The 
Fluor Corp. Ltd., Los Angeles. 

Davies, J. A., Prod. Engr., General 
Air Conditioning Corp., Los Ange- 
les. 

DoKTER, A., Sales Engr., York Corp., 
San Francisco. 

GRIESNER, O. A., Owner, Standard 
Sheet Metal, Fvesno. 

HAGLUND, R. D., Sales Engr., Powers 
Regulator Co., San Francisco. 

Harms, E. A., JR., Repr., Johns-Man- 
ville Sales Corp., Sacramento. 

Harris, N. C.,+ Dean, Vocational 
Tech. Education, Bakersfield Col- 
lege, Bakersfield. 

McDONALD, E. P., Chief Design Engr., 
Denny Air Conditioning Co., Pasa- 
dena. 

Roserts, P. E., Sales Engr., Author- 
ized Supply Corp., Los Angeles. 

WESTLAKE, R. A., Hgt. & Vtg. Fore- 
man, Los Angeles City School 
Dists., Los Angeles. 


Oregon 

PreRceY, T. N., Designer, Keith Kru- 
chek, Cons. Engr., Portland. 

SEPULVEDA, E. G., Mech. Engr., Keith 
Kruchek, Cons. Engr., Portland. 

SmitH, W. W., Asst. Prof., Mech. 
Engrg., Oregon State College, Cor- 
vallis. 


Washington 

McMILLeN, C. D., Spl. Services Repr., 
Washington Natural Gas Co., Seat- 
tle. 

Sarpari, Y. B., Appl. Engr., Refriger- 
ation Engineering Co., Seattle. 


FOREIGN 


Australia 
Travers, E. A., Managing Dir., Cold- 
stream Refrigerators Ltd., Unley. 


England 

BILLINGTON, N. S., Dir. of Research, 
The Heating & Ventilating Re- 
search Assn., Leatherhead, Surrey. 

CHAMBERLAIN, A. B., Design Megr., 
Lyons, Boland & Partners, Godalm- 
ing, Surrey. 


Hong Kong 
Maycock, W. G., Dir. & Mgr., Premier 
Development Co. Ltd., Hong Kong. 


India 


BuHaArGAVA, B. B., Owner, The Ice Ma- 
chinery Mart, Gwalior. 
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italy 


CASSARA, GIUSEPPE, Repr., Carlo Ga- 
vazzi, S.P.A., Milan. 


New Zealand 


HOLYOAKE, NOEL, Managing Dir., N. 
V. Holyoake & Co., Ltd., Welling- 
ton. 


Southern Rhodesia 


WALDON, D. M., Br. Mgr., Johnson 
& Fletcher, Ltd., Bulawayo. 


Venezuela 


CAVALIERI, D. O., Mech. Engr., York 
Venezuela, S.A., Caracas. 


STUDENT CANDIDATES 


CuTLeR, J. F., Jr., Student, Purdue 
University, Lafayette, Ind. 

DotesH, R. P., Student, University 
of Detroit, Mich. 

PEINE, T. D., Student, Purdue Uni- 
versity, Lafayette, Ind. 

Wana, KEIJI, California State Poly. 
—" College, San Luis Obispo, 
alif. 








RESIDENTIAL HEAT PUMP—GILMAN 





(Continued from page 55) 


pliances could have been supplied 
by the heat pump with one-half as 
much power used. Thus, the net 
reduction during this period is 
1/COP. 

Below the balance point, how- 
ever, the net reduction is exactly 
one to one. During this phase, the 
appliances act as replacements for 
the supplementary heaters. 

To analyze the overall effect 
of appliance heat release, several 
cities with a wide range of outdoor 
design temperature and degree- 
days were selected. The heat pump 
winter power consumption was 
then calculated with 700 kwhr per 
month appliance heat as an in- 
ternal heat source. The value of 700 
kwhr was selected as a mean value. 
However, it was noted in early cal- 
culations that the exact amount of 
internal heat per month did not ap- 
preciably influence the fraction of 
the total that was useful in reduc- 
ing the heat pump consumption. 
In Shreveport, La., the original 
calculations with no appliance heat 
showed the heat pump would con- 
sume 7221 kwhr. However, calcu- 
lations with 700 kwhr per month 
appliance heat indicated a con- 
sumption of 5953 kwhr. Thus, the 
fraction of total appliance heat 
which provided a reduction was 


7221 — 5953 
6 month (700) 


The calculated factors were found 
to be a function of degree-days. 
It was also noted from the ASHAE 
Guide that the number of months 
in the heating season was also a 
function of degree-days. This al- 
lowed a premultiplication of the 
factor. For instance, the factor for 
2000 degree-days is 0.27. The heat- 
ing season in a 2000 degree-day lo- 
cality is approximately 612 months 


=.0.30 
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long. Multiplying 6.5 by 0.27 yields 
1.76, which is designated the Use- 
ful Heat Factor. Final results are 
presented in Table II which gives 
factors for 12 increments of degree- 
days. 


ADJUSTMENT FOR OTHER 
TEMPERATURES 


Calculations were made to deter- 
mine the kwhr consumption when 
the indoor temperature was 75 F 
rather than 70 F. The results were 
nearly the same as if the heat loss 
of the residence had been increased 
proportionally. Hence, it is only 
necessary to calculate the heat loss 
with the design temperature dif- 
ferential based on the anticipated 
room temperature and use the basic 
70 F curves. 

Final form of the power con- 
sumption prediction data is illus- 
trated by Fig. 6, which has been 
reproduced from the Application 
Data Bulletin now released, to 
dealers and field offices. The bul- 
letin includes similar charts for two 
models and for outdoor design tem- 
peratures of 0, 10, 20 and 30 F. 

The advantage of this type of 
presentation is that a given locality 
fixes the one design temperature 
chart to use and also the degree- 
day curve on that chart. Hence, 
the estimator can mark the one 
curve applicable to his locality, ig- 
nore all others, and obtain kwhr 
estimates rapidly. (If his degree- 
day data fall between two given 
curves, he can draw in an appropri- 
ate one using linear interpola- 
tion.) 

To use the method, calculate 
the design heat loss of the resi- 
dence using any desired indoor de- 
sign temperature. With the heat 
loss and the appropriate chart typi- 
fied by Fig. 6, read the kwhr con- 


sumption. Knowing or estimating 
the monthly appliance power con- 
sumption, multiply it by the Use- 
ful Heat Factor given on the right 
hand end of the curve, and deduct 
it from the chart kwhr value. 

The estimated winter heating 

cost is the predicted kwhr multi- 
plied by the local rate, plus any de- 
mand charge attributable to the 
heat pump. 
Example. The design heat loss of 
a residence in Charlotte, N. C., is 
70,000 Btu/hr. The outside design 
temperature of Charlotte is 10 F 
and the annual degree days are 
3200. 

From Fig. 6, interpolating for 
3200 degree days at a 70,000 Btu/ 
hr heat loss, a power consumption 
of about 10,000 kwhr is obtained. 
By interpolation, the Useful Heat 
Factor is found to be 2.3. If the 
average monthly power consump- 
tion before installing the heat 
pump is 400 kwhr, then 2.3 (400) = 
920 kwhr, which when deducted 
from 10,000 gives the final esti- 
mated heating season power con- 
sumption of 9,080 kwhr. At 15 
cents per kwhr, the estimated an- 
nual heating cost is $136. 

This prediction of heating 
costs of heat pumps can be ex- 
pected to be as accurate as present 
methods for gas, oil or coal equip- 
ment. Any method will be suscepti- 
ble to such uncontrolled variables 
as yearly variations in degree-days; 
thermostat settings other than de- 
sign; and actual construction de- 
tails being different than presumed 
in the heat loss calculations. The 
first is of minor importance because 
the occupant can be expected to 
mentally adjust the predicted op- 
erating cost depending on whether 
the winter season is mild or severe. 

Proper evaluation of the heat 
loss is extremely important. i 
the calculation does not need to 
be elaborate, standard procedures 

(Continued on page 111) 
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When aluminum 














is part of your 










product. . 


All aluminum 
| home freezers 





Air conditioning bonnet coil 


Cold-storage unit cooler 





check with ANACONDA ALUMINUM 


Anaconda Aluminum combines the two features ‘“‘most wanted” by aluminum buyers in 
| selecting a source of supply. 

First: Anaconda Aluminum craftsmen will custom-produce your order, constantly checking 
and double-checking it to be sure your specifications are met precisely. We produce a full range 
of aluminum in all forms — pig and ingot, coiled and flat sheet, rod, bar, structurals, tubular 
and other extruded shapes. 

Second: You’ll like the way Anaconda Aluminum’s flexible operations will schedule your order 
fast, and ship it on time. This flexibility is designed into Anaconda Aluminum’s new facilities for 
this one reason—to give you the service you want! 

Talk over your next aluminum order with your local Anaconda 
Aluminum representative ...or write our General Offices, Dept. J-5, 
Louisville 1, Kentucky. 





Every industry has one member 
who specializes in customer satisfaction 





ANACONDA ALUMINUM COMPANY ¢+¢ GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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CYPHERS-CESS-SOMERS—from page 90 





APPENDIX III 


Typical Experimental Data 
(confined exchanger-vertical 
and centered) 


A = 4.44 in. 
te 2 74.28 C= 1656 F 
tie = 84.87 C— 184.8 F 
tos = 7600 C= 1867.0 F 
tit — tor — 9.87C—17.8F 
t: = 85.64 C— 186.2 F 
t=: 76.32 C= 167.6 F 
ti: — te = 10.82 C = 18.6 F 
(ti: — te) 
—0.45 C=—9.87 C—17.8F 
t. = 30.20 C— 86.3 F 
t: = 79.94 C— 175.8 F 
tw —t. = 44.02 C— 79.3 F 
t. —t. == 49.7 C— 89.5 F 


m 
cosh—1=1.13 
2 


7 = 0.92 
M C,= 181.7 Btu/hr F 
Aw + Ac= 18.16 ft? 
1.09 h = 2.24 Btu/hr-ft?-F 
h= 2.06 Btu/hr-ft-F 
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the Outer Surface of a Vertical Circular 
Cylinder,” ASME Paper No. 55-A-25, 1955. 
4. Langmuir, I., “Conduction and Convec- 
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NOMENCLATURE 


A: =total area of tubes 
Aw =—total area of wires 
C,= specific heat at constant 
pressure 
D =diameter of hypothetical cyl- 
inder 
D, = diameter of a wire 


f:— fractional area of tubes 
(0.176) 


f~ = fractional area of wires 
(0.824) 
g—acceleration of gravity 
Gr=Grashof number (g 8 @ D*»’) 
h= average heat transfer coeffi- 
cient 
h, = average radiation heat trans- 
fer coefficient 
[0.440 (T+ T,) (T+ T,’)] 
h:= isolated heat transfer coeffi- 
cient of tubes 


hy = isolated heat transfer coeffi- 
cient of wires 


ha, h’s == average heat transfer coeffi- 

cients defined by equations 
(20) and (21) 

kw =thermal conductivity of me- 
tallic wire 

l= spacing between tubes 

L= aan of hypothetical cylin- 
er 


L. = total length of heat exchang- 
er wires 


4hy \* 
m= ( 
kw Dw 


M = mass flow rate 
Nu= Nusselt number 





Pr= Prandtl number (¥/a) 
Q= heat transfer rate 
r=radial coordinate 


t= average heat exchanger tem- 
perature 


t: = average tube temperature 
tw average minimum wire tem- 
perature 
1 = bulk inlet temperature 
te == bulk outlet temperature 
tie = inlet tube temperature 
tec = outlet tube temperature 
ta ambient air temperature 
T=absolute temperature corre- 
sponding to t 
T. = absolute temperature equiva- 
lent of space 
u=velocity component in ¢-di- 


rection 

v= velocity component in r-di- 
rection 

w=velocity component in z-di- 
rection 


z = distance coordinate 

a= thermal diffusivity 

8 =coefficient of thermal expan- 
sion 

y = off-horizontal yaw angle 

n= fin efficiency 


@== temperature excess above 
ambient 

\ = total spacing between confin- 
ing walls 

vy=kinematic viscosity 

o = Stefan-Boltzmann constant 

¢= angular coordinate 








ANDREWS 


(Continued from page 61) 





rials of construction comprising 
the circulating system. That is, 
materials likely to precipitate 
metallic ions such as copper on 
ferrous or aluminum items to 
create electro couples shall be 
avoided. 
Chlorine or compounds liberat- 
ing chlorine when employed shall 
be controlled at values to avoid 
destructive oxidation of wood 
fibre. 
pH control shall be maintained 
at optimum values with due re- 
gard to tower or evaporative 
condenser life expectancy. 
Usually, operating and control 
instructions are part of the regular 
service supplied by water treat- 
ment companies especially where 
material consumption permits the 
inclusion of such service. This offer 
of free service may or may not be 
adequate, hence, specifications 
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should enumerate the amount and 
type of service desired, thus: 
Chemical concentration limits for 
all constituents shall be clearly 
set forth in a control chart. 
Instructions for adjustment of 
chemical values departing from 
normal shall be provided. 
A tentative testing schedule shall 
be outlined to include: 
(a) Daily titrations at ... hr 
intervals. 
(b) Corrosion penetration tests 
at: quarterly, semi-annual or 
annual intervals. 
(c) Scale formation: quarterly, 
semi-annual, or annual. 
Complete analyses of the water 
cycle shall be performed at in- 
tervals of: 2 months, 4 months, 
etc., or as mutually considered 
adequate. 
Plant visits shall be undertaken 
at intervals to discuss treatment 
progress and problems, if any, 
which arise. “X” visits per 
year shall be the minimum. 
All Recommendations for Treat- 


ment or subsequent revisions to- 
gether with reports on investiga- 
tions, routine or otherwise shall 
be confirmed in writing. 
Estimates of operating costs, en- 
gineering or technical services 
shall be outlined in a formal pro- 
posal. 

Chemical costs shall be related 
to make-up requirements, the 
latter being stipulated by the 
architect or engineer. 

In summation, a few of the 
problems we encounter in water 
treatment specifications might be 
listed as follows: 

Lack of information — which re- 
sults in “guestimating.” 
Insufficient time to engineer @ 
proper submission. 

Reluctance to appropriate funds 
for mechanical control devices, 
or to assume that water treat 
ment controls can be of equal 
importance to gaseous and ther 
mal controls. 

The fear one may be accused of 
“gilding the lily.” 
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HEAT PUMPS 


(Continued from page 104) 





must be used. In most instances, 
essing the heat loss will result 
in an erroneous operating cost pre- 
diction. 
Useful field data for checking 
ses are meager; generally the 
available data are lacking in some 
detail of information essential to 
a particular method. For example, 
in Reference 3 the heat losses are 
not given; consequently, certain 
assumptions must be made, thereby 
creating doubt as to the validity of 
any correlations between predicted 
and actual values. In Reference 4, 
design outdoor temperatures are 
missing. Operating results from 
nearly 50 homes were compared 
with predictions; data were from 
utility sources, including Refer- 
ences 3 and 4, and a company con- 
ducted field test program. In ap- 
proximately 80% of the cases the 
predictions were within + 20% of 
the actual kwhr consumption. It 
is felt to be significant that many 
of those outside this range were 
+ 40% or more in error. This in- 
dicates that a major discrepancy 
was involved, such as a_ poor 
evaluation of the heat loss. 


RECOMMENDATIONS 

It should be possible to predict 
heating costs of residential heat 
pumps to a satisfactory degree of 
accuracy for the vast majority of 
installations; there will always be 
afew cases in which the method 
hil. The first step is for industry 
to decide upon one method for 
making operating cost predictions. 
Following this, actual operating 
data, construction details, etc., 
should be collected by industry 
members or utilities on a standard 
data form so all essential informa- 
ton will be obtained. Analysis and 
corelation would then result in a 
inal industry-accepted method of 
reasonable accuracy. 


REFERENCES 


l ng Cost of Residential Coolin i 
g Equip- 
Rent, by S. F. Gilman, L. A. Hall and E, P. 


Bi ,ASHVE Transactions, Vol. 60, 

4 ting Ventilati Air Conditioning Guide, 

fa ished by e American Society of 

York. and Air Conditioning Engineers, New 
N. Y., ‘Chapt. 18). 

ara i¢ Residential Heat Pump Installa- 
n the Washington, D. C. Area—A Re- 


of Field Tests D i th 1 - H i 
Season uring e 956 57 eating 
, by F . Ss. W al Po 
Compan J ters ( tomac Electric 


oy operating Cost Calculations and Experience 


ir Heat Pumps, by H. Nelson Eanes 
(Alabama Power Company, CP58-299). 
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Bohn Half-Rai 


temperature and Rumidity in one 
















of Skychef’s m@dern walk-in sie 
coolers. A bank @ these Bohn- meee 
cooled walk-ifis serves Skychef’s xe. 








newest and largest “ 
kitchen at Lag 
International A 






: Bohn Model HR 


e Built-in louvem 


Features of th 


s...a@ Bohn exclusive ...increase air “throw” to provide 
more unifo emperature in refrigerated space. 


e Guaranteed fi@jl-rated performance; UL listed. 
e 7 models, capgities from 260 to 1080 BTU’s at 1° T.D. 


chrome-plate 


um housing; rust-proof fittings, built-in heat exchanger, 


fan guard with quick-cleaning plastic filter. 
e@ Double drip gin prevents sweating; hinged for easy access. 


@ Life-lubricat@§ motor with thermal overload protection. 


SEE YOUR OLESALER for latest catalogs and price lists on 
BOHN’s complege line of standard unit coolers, low temperature units, 
and air-cooled c@idensers. 


Skychef loads Bohn-fresh food for 112 passengers 
of the new American Airlines 707 Jet Flagship, 
prior to 44-hour flight from Los Angeles to New York. 





Buy the known line... the BOHN line 


Aluminum and Brass Corporation 





Betz Division + Danville, Wlinois 
SA "AS nF 








INSULATION 





Designer: Ward Ice Industries, Ft. Smith, Arkansas. 


% 


Approved Insulation Contractor: Chris Fiedler Company, Inc., Memphis, Tennessee. 


Unique sandwich roof construction using 


STYROFOAM’ saves $20,000 


Rogers Ice and Cold Storage Company, Rogers, Arkansas, 
put the rigidity, light weight and high compressive strength 
of Styrofoam* to good use in their new 24,000 sq. ft. cold 
storage plant. 


In this sandwich roof construction, two 4” thicknesses of 
Styrofoam—with a 4” layer of portland cement mortar sand- 
wiched between them—were laid directly on the roof joists. 


VAPOR BARRIER 
INTERNAL SETTING ASPHALT 


BUILT-UP ROOF PORTLAND 
CEMENT 
MORTAR 


STYROFOAM 


Detail drawing of a typical sandwich roof using Styrofoam. 


A %” portland cement mortar grout was put down over this 
sandwich and a built-up roof applied in the normal manner. 
The concrete slab, which is standard for this type of roof, was 
eliminated because Styrofoam is capable of supporting not 
only its own weight, but also that of the built-up roof and the 
foot traffic necessary for inspection and maintenance! 


Eliminating the concrete slab allowed a reduction in the 
amount of structural steel used and, of course, an over-all 
reduction in labor . . . adding up to a $20,000 savings! Styro- 
foam, used in the floors and walls, will provide superior 
insulating efficiency and reduced maintenance for Rogers, 
too. For more information about Styrofoam in cold storage 
uses, contact your nearest Styrofoam distributor or write (0 
THE DOW CHEMICAL COMPANY, Midland, Michigan, Plastics 
Sales Department 2220JZS. 

*Dow's registered trademark for its expanded polystyrené 


THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 
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Unyielding water resistance— 


STYROFOAM 


for pipe covering insulation 


Low-temperature pipe covering made of 
Styrofoam* does an excellent job and lasts 
a lifetime. Its unyielding resistance to mois- 


bes ture and its permanent low thermal conduc- 
was tivity prevent condensation and dripping— 
not reduce heat transfer. 
i the Styrofoam will not crack or split from chang- 
ing temperature and it is not subject to ice 
the buildup around valves. It’s lightweight and 
all easy to apply—requires no maintenance. A 
yr0- complete line of pipe and vessel covering 
aa made from Styrofoam is available from a 
pers, number of fabricators. For their names and 
rage more information, write to THE DOW CHEMI- 
ny “ company, Midland, Michigan, Plastics 
‘ es Department 2220JZ5. 
stics *STYROFOAM is a registered trademark 
of The Dow Chemical Company 
tyrene 
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BULLETINS 


| Ducting System Corrosion Control. 
How the use of exhaust systems made 
from thermoplastics can combat cor- 
rosion is the subject of this explana- 
tory folder including detailed infor- 
mation on the features of such instal- 
lation made from branch or linear 
polyethylene, polypropylene, plus 
types I and II polyvinyl chloride. 
American Agile Corporation, P. O. 
Box 168, Bedford, Ohio. 





Liquid Level and Flow Control. En- 
gineering reference sheets on oper- 
ating and safety controls for a wide 
variety of jobs involving liquid level 
and liquid flow comprise Bulletin 
ERS-A. 

McDonnell & Miller, Inc., 3500 N. 
Spaulding Ave., Chicago 18, Ill. 


Pipe Unions. Designed for high pres- 
sure and high temperature service the 
forged steel unions described and 
illustrated in Bulletin U-2-58 are of 
both the screw-end and socket-weld- 
ing types. This eight-page presenta- 
tion includes dimensional application 
and performance data. 

H. K. Porter Company, Inc. Forge 
and Fittings Div, Roselle, N. J. 


Gas Furnaces. Basement, vertical and 
counterflow models of gas furnaces, 
having multiple heat exchangers, 
safety locks on the blower compart- 
ment ‘and silent slotted type burners 
are covered in this 8-page bulletin. 
Stewart-Warner Corporation, Leba- 
non, Ind. 





| Composite Bulletin. Products manu- 
factured by each of four divisions of 
this firm are described and illustrated 
in 16-page catalog 518. Air filtration, 
process dust control, air conditioning, 

| heating, ventilating, heating special- 

| ties and controls for industry are in- 

cluded in the coordinated booklet. 

| American Air Filter Company, Inc., 
Louisville 8, Ky. 


Photocells. Miniaturized electric eves, 
as applicable to measuring, recording 
and registration functions — such as 
smoke gage and recorder controls — 
| are the subject of 6-page Bulletin 577. 
Photomaton, Inc., 96 So. Washington 
Ave., Bergenfield, N. J. 


| Insulation Applications. Four reports 
| on foamed insulation uses are: Pipe 
and Vessel Covering, including speci- 
fications for refrigerated piping, valves 
and fittings, and refrigerated vessels 
(157-51); Low Temperature Space In- 


sulation with discussion of sandwich 
roof construction, floors, walls and 
ceilings (157-50); Insulation - Plaster 
Base (157-49); Scorbord, foamed plas- 
tic insulation board designed for per- 
imeter and foundation and cavity wall 
insulation (157-43). 

Plastics Sales, Dow Chemical Com- 
pany, Midland, Mich. 


Pressure Reducing Valve. Pilot-oper- 
ated, this sliding gate pressure reduc- 
ing valve, as described in Bulletin 
J-1160, features dead end shut-off, 
large external sensing tubes, hand- 
wheel and thumblock, ball bearing 
adjustment and easily removable ring 
nut. 

OPW Jordan, 6013 Wiehe Rd., Cin- 
cinnati 13, Ohio. 


Controls, Motors. Summarizing the 
refrigeration and air conditioning, gas, 
oil, fan and blower controls as well 
as motors, switches, lights, burners, 
solenoids and valves of a broad line, 
Form IS6010 is a 6-page folder. 
Controls Company of America, Schil- 
ler Park, Il. 


Packaged Water Chillers. Available 
in 9 sizes from 20 to 125 hp for air 
conditioning or industrial cooling ap- 
plications, the Type CD Packaged 
Water Chillers described in Bulletin 
8325 are fully defined and illustrated. 
American-Standard, Industrial Div, 
Detroit 32, Mich. 


Ammonia Refrigerant. Exploring the 
characteristics and utility of Anhv- 
drous Ammonia of Refrigeration Grade 
as compared with that of Fertilizer 
Grade for refrigeration systems, an 
8-page Bulletin presents the views of 
Vice President David H. Wood. 
Henry Bower Chemical Manufactur- 
ing Company, Philadelphia 46, Pa. 


Oil Reference Guide. Bulletin A-3895 
on the selection and use of lubricating 
oils for refrigeration units, covers es- 
sential characteristics, refining proc- 
esses, properties, effect of refrigerants 
on oils, proper handling, lubrication 
of industrial compressors, splash lub- 
rication, lubrication of bearings and 
of air conditioning equipment. 

Sun Oil Company, Industrial Prod- 
ucts Dept, 16-8 Walnut St., Philadel- 
phia 3, Pa. 


200 Solenoid Valves. Valves for use 
with pressures from 0 to 10,000 psi 
and temperatures from —300 to 500 F 
are covered in Catalog 444 (36 pages). 
Detailed specifications, performance 
data, application information and op- 
tional features are given for solenoid 
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Onan 


ENGINE 
COMPRESSORS 


for mobile refrigeration 
and air conditioning 












1 ton cap., 4.1 H.P., 
F-12 refrigerant. 


22 tons cap., 6.25 
H.P., F-22 refrigerant. 


5 tons cap., 12.9 
H.P., F-22 refrigerant. 


Built as integrated in-line units 
with Onan engines direct-con- 
nected to Onan compressors. 
Compact, permanently-aligned 
and smooth-running. No trouble- 
some belts, couplings or sheaves. 
Optional accessories: batteries, 
starters, generators, and fans. 
Onan 4-cycle engines, built for 
continuous duty and long life, 
operate on either gasoline or 
Propane. World-wide parts and 
service organization. 


Write for complete 


engineering data 
D. W. ONAN & SONS INC. 
3415 Univ. Ave. S.E. a Minneapolis 14, Minn. 
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valves to be used for air, steam, cor- 
rosive and non-corrosive gases and 
liquids. 

Aktomatic Valve Company, 545 W. 
Abbott St., Indianapolis, Ind. 


V-Belts. Replacement V-Belts for vari- 
able speed units with specific refer- 
ences to required sizes and types for 
individual drives are covered in sum- 
mary and tabular references in Bulle- 
tin V-173-B, a 12-page presentation. 
Browning Manufacturing Company, 
Maysville, Ky. 


Felt Filtration. Technical Data Sheet 
15 covers performance characteristics 
and selection of proper felts for me- 
chanical filtration of air, gases and 
liquids. It lists revisions on porosity 
percentage figures for felt weights 
and includes data on merchandise not 
listed in the original 1946 issue, which 
it supersedes. 

American Felt Company, Glenville, 
Conn. 


Industrial Valves. Specific attention 
is given to valves for handling cryo- 
genic mixtures in this 12-page indexed 
catalog of strainers, filters, accumula- 
tors and valves. 

Koehler Aircraft Products Company, 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 


Safety Gage. Of the Bourdon type, 
tvpe, the safety gages whose charac- 
teristics are summarized in current 
catalog sheets provide a tube wrapped 
to smother explosive actions, a re- 
movable armor plate dial-backing, a 
solid back and blow-out plugs. 
Kunkle Valve Company, Fort Wayne, 
Ind. 


Plastics-Coated Steel. Elaborately de- 
scriptive and illustrative of a new 
vinyl-coated steel sheet for product 
purposes, 12-page Bulletin 37002-58 
includes numerous samples of the 
coated sheet with color and texture 
variations. 

United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pa. 


Vibration Reduction. Intended to sup- 
ply engineering data helpful in sim- 
plified machine installations and vi- 
bration control. A 6-page guide re- 
lated to the vibration-absorbing mate- 
rials of this manufacturer provides 
specific answers to typical “How to 
do it” questions. 

Felters Company, Unisorb Div, Bos- 
ton, Mass. 


Coated Tubing. Physical and electri- 
cal data, application information and 
the main features of a full line of 
coated tubings are contained in this 
6-page catalog. Silicone rubber coated 









tubing, silicone varnished glass ck 
tubing, varnished glass cloth tubing 
varnished rayon tubing and viny 
coated glass cloth tubing are covered 
Minnesota Mining and Manufacturing 
Company, Irvington Div, 900 B 
Ave., St. Paul 6, Minn. 


V-Belt Pulleys. For original equip 


ment manufacturers whose p 
include one or more fractional hp }. 
belt pulleys, this firm offers a catalg 
circular containing specifications 
their standard sizes of single groom 
pulleys. 

Nagel-Chase Manufacturing Com 
pany, 2811 Ashland Ave., Chicago 1}, 
Ill. 


Integral Finned Tube. Sizes, alloys 
heat transfer data, application data 
and other specifications are listed in 
this catalog for the many vies of in 
tegrally finned tube available from 
this manufacturer. 

Wolverine Tube, Div of Calumet & 








Hecla, Inc., 17200 Southfield Rd, 
Allen Park, Mich. 


Shaded Pole Fan Motors. Design 
tures of motors for window fan 
evaporative cooler applications 
the integral stator insulation used 
these motors are covered, includi 
dimensions, in this 2-page folder. 
General Electric Company, Schenece 
tady, N. Y. 


Compressed Air Filtration. Described 
as providing a minimum removal d 
99% by particle count of particulate 
matter 0.3 micron and larger diame 
ters, this filter, for use with com 
pressed air and other gas lines, is the 
subject of Bulletin 1505-7. 

Mine Safety Appliances Company, 
201 N. Braddock Ave., Pittsburgh §, 
Pa. 


Downflow Heater. Direct-fired down 
flow gas heating equipment in four 
basic sizes from 300,000 to 600,000 
Btu/hr is offered for a variety of it- 
stallations with a wide range of com 
trol adjustability. Four-page folder 
illustrates possible air patterns and 
components. 

Reznor Manufacturing Company, 
Mercer, Pa. 


Solenoid Valve. Type 701, 3-way 
solenoid valve for water control for 
fan-coil units, as described in this 
bulletin, uses forced circulation chilleé 
or hot water for individual room ait 
conditioning. Capacity range is % 

10 gpm, maximum operating pressute 
25 psi (with 200 psi static). & 
Jackes-Evans Manufacturing 
pany, St. Louis 15, Mo. 
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AND STILL LOWER YOUR 
FINISHED PRODUCT COST! 


Since the basic relay and its many contact 
forms, ratings, and terminal variations are regular 
production items at RBM, design bottlenecks 
can be shattered. RBM has ‘“‘CUSTOMERIZED” these relays 
to fulfill almost every conceivable requirement. 
This vast background of application engineering can 
serve you with design shortcuts . . . lower your “finished 


product” cost. Ask your RBM product application engineer. 












RBM 
98000 
SERIES 


7 























re ad. 
MANY ARE OTHER FEATURES ‘Sins 98600 TYPE 
LISTED BY U/. 
FILE NOS. € 12/39 02 E2238! 0 MA GON. LTO pecan ene 
PRESS FIT PILE-UP e@ MAX.COIL RES. —— 20000 
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FoR Low VOLTAGE ANO/oR phe Seppe 4POT 6 AMPS,| 4P0T 6AMPS, 
Low CURRENT CIRCUITS AT 32V. DC OR 115 V. 6POT 3 AMPS) 6POT ZAMPS. 
(NON-INDUCTIVE LOAD) 
SIMPLIFIED MAGNET 
FRAME AND ARMATURE ® 4PPROX. WEIGHT 4/ OZ. 4./ 02. 


ASSEMBLY PROV/DES 
EFFICIENT, POSITIVE 
ACTION 





VARIETY OF 
MOUNTINGS AVAILABLE 


Consult Your Local RBM Product 


ALSO AVAILABLE IN 97000 SERIES 
PROVIDING ADOITIONAL COIL 


POWER... GREATER SENSITIVITY 


App/ cati on Engi neer or 








Write For Bulletin 1060 
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WOLVERINE TRUFIN® SAVES SPACE 
provides more heat transfer surface 


No finer proof of the space saving and heat transfer abilities of Wolverine Trufin 
Type S/T—the integrally-finned condenser tube—can be found than in its use by 
American-Standard Industrial Division, Detroit, Michigan. 

American-Standard uses Trufin Type S/T in the evaporator and condenser tube 
bundles of Tonrac—its completely self-contained, hermetic, centrifugal, refrigerating 
machine. This single-level unit is widely-used to supply chilled water for air conditioning 
systems in public buildings, offices and industrial plants. 

Wolverine Trufin Type S/T is of great value here, because its extended surface has 
approximately 214 times as much outside surface area as ordinary, plain condenser tube. 
In units such as Tonrac this enables the manufacturer to pack greater heat transfer 
capacity into a given area thus reducing overall unit size. 

If heat transfer efficiency is important to your company why not follow American- 
Standard’s lead and specify Wolverine Trufin Type S/T for shell and tube condenser 
use. Write for more information or ask for the services of a highly-trained Wolverine 
Sales Representative. 


Wolverine Trufin is available in Canada through the Unifin Tube Division, London, Ontario. 


CALUMET @ HECLA, INC. 
CALUMET DIVISION % WOLVERINE TUBE 
URANIUM DIVISION DIVISION OF 
GOODMAN LUMBER DIVISION 
WOLVERINE TUBE DIVISION @ CALUMET & HECLA, INC. 
—— 17244 Southfield Road 


CALUMET &@ HECLA OF CANADA LIMITED 


E 
WOLVERINE TUBE DIVISION Allen Park, Michigan 


CANADA VULCANIZER & EQUIPMENT CO. LTD. 
UNIFIN TUBE DIVISION Manufacturers of Quality-Controtied Tubing and Extruded Aluminum Shapes 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA 
SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DEPT. 13 E. 40TH ST., NEW YORK 16, N.Y. 
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SPLIT-SYSTEM HEAT PUMP 


Mounted on the floor, on a platform 
or suspended from the ceiling with 
special mountings, the compact air 
handler works in conjunction with the 
remote outdoor unit, to make up this 
heat pump system. 

A three-speed blower control al- 
lows maximum versatility for air flow 
adjustments. Electric duct heaters 
are also available as an accessory to 
supply supplemental heat during ex- 
tremelv cold weather. 

The outdoor remote units are 
fully factory-charged with Refriger- 
ant-22. Named the Weathertron line, 


PARTS AND PRODUCTS 





SMALLER MOTOR, MORE 
POWER 


Built in a reversal of the traditional 
sequence of operations, this Unitized 
motor is constructed around a pre- 
determined air gap (pencil pointing) 


the units are available in 2% and 3 
ton sizes. 

General Electric Company, Central Air 
Conditioning Dept., Troup Highway, 
Tyler, Texas. 


AIR COOLED CONDENSERS 


Extension of this firm’s work into the 
air conditioning and _ refrigeration 
field results in nine models of air- 
cooled condensers with nominal ca- 
nacities from 15 to 100 ton. 

The newly-developed DriCoolers 
are horizontal units with vertical, 
blow-through air flow from a single 

(Continued on page 120) 
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centered on the shaft, the motor is | 
unitized by a newly-developed resin | 
material. 

A continuous hydrodynamic oil | 
film supports the motor shaft in all 
of the sleeve-bearing motors. A capil- 
lary retention system prevents excess 
loss of oil from the lubrication system. 

The motor is designed for use in 
such air moving and small machine 
applications as ventilators, heaters, 
dehumidifiers, air conditioners, cool- 
ers, etc. 

General Electric Company, Schenec- 
tady 5, N.Y. 
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...for the Most Efficient Cooling Water Operation 


YOU WILL EASILY CALCULATE: 
RECIRCULATING SYSTEMS 


® Water requirements calculated from 
BTU per hour heat load. 


@ Treatment requirements—ibs. per day, 


This newest, improved Wright Calcu- 
lator was developed in the Wright 
Laboratories to help keep your cooling 
water system operating with top day- 
to-day efficiency. You will find it of 
unusual value in your daily operations, 

Wright’s Engineering Service can 
also help you by a survey of your water 
system and a comprehensive water 
conditioning program... without 
obligation. 

Send for your New Wright Calcula- 
tor on your company letterhead—it’s 
free to water treating engineers and 
others responsible for cooling water 
system protection. 


PLASTICS BEARINGS 


High load carrying capacity, low co- 
efficient of friction and good heat dis- 
sipation are cited as being properties 
of these bearings constructed of newly 
developed plastics material. 

Molded to any shape, the bear- 
ings are machined to close tolerances. 
Temperatures may range from —250 
to 375 F. 

One of the ingredients in the 
formulation of the plastics material, 
Oilstor, acts as a reservoir for the 
synthetic lubricants. When warmed, 
it lubricates the bearing surface. When 
it cools, the lubricant is reabsorbed. 
Arguto Oilless Bearing Company, 
Philadelphia, Pa. 


@ Treatment cost per day. 
@ Treatment costs per 10,000 gallons. 


ONCE-THROUGH SYSTEMS 

© Treatment requirements for once-through 
systems in Ibs. per day and per 10,000 gals. 

@ Treatment costs for once-through systems 
per 10,000 gallons. 

@ Treatment costs for once-through 
systems per day. 

ADDITIONAL DATA 

@ Conversion of ppm to Ibs. per 10,000 gals. 


@ Acid requirements for pH adjustment 
extended and improved. 





@ Double length scales giving wider range. 


WRIGHT CHEMICAL CORPORATION 
GENERAL OFFICES AND LABORATORY: 63] W. LAKE ST., CHICAGO 6, ILL, 


Offices in Principal Cities 
(Havana, Cuba; Domenech & Co., $. A., 405 Obrapia) 


NELSON CHEMICAL PROPORTIONING PUMPS 


Wesht 


SOFTENERS, FILTERS AND OTHER EXTERNAL TREATING EQUIPMENT « 
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Easy and Safe to 


Ring-top provides a solid, generous 
more than 4” to grip, reducing, risk ¢ 
damage or peeonl eee. No 
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refrigerants 


Ucon Refrigerants 12, 22 and 114 Are'Now Availabie 
in 10 and 25 Pound Ring-Top Cylinders 
for Easy Handling... Fast, Convenient Inventory! 





kes Service Jobs Easier Color-Coded at the Top 


| Inverted cylinder stands alone. Any standard Big colored top section makes it easy to check your 
Wrench operates valve. Install flexible tubing and stock of Ucon Refrigerant grades... at a glance. 
forget it until cylinder is empty. No cylinder caps to keep track of. 





Ucon and Union Carsive are registered 


Made in Five Top-Quality Grades, Ucon Refrigerants 
trade marks of Union Carbide Corporation. 


11-12-22-113-114 meet your strictest standards 

for dryness, purity and economy. 

Full Choice of Unit Sizes to match your quantity S 
needs. Ucon Refrigerants are sold in 10 and 25 

pound Ring-Top Cylinders, in 145 pound and 

ton cylinders, in 100 and 200 pound drums, and Ucon Refrigerant 11 Trichloromonofluoromethane 
in tank-wagon or tank-car lots. Ucon Refrigerant 12 Dichlorodifluoromethane 
Prompt, Efficient Delivery from the largest network ae bean a UCON Refrigerant 22 Monochlorodifluoromethane 
of distribution points in America serving the re- UCON Refrigerant 113 Trichlorotrifluoroethane 
frigeration and air conditioning industries. Ucon Refrigerant 114 Dichlorotetrafluoroethane 
Get Full Data on Ucon Refrigerants now! See your 

wholesaler, or write: Ucon Refrigerants, Union UNION CARBIDE CHEMICALS COMPANY 
peo Mag vt ge tel — Division of Union Carbide Corporation 

us, any time. Attention, Dept. H-5, 





These 5 Ucon Brand Refrigerants will meet your 
refrigeration and air conditioning needs 














PRODUCTS 


(Continued from page 117) 





industrial type fan. This design elimi- 
nates fan wind-loading by adverse air 
currents and minimizes recirculation. 
All units have angularly mounted 
modular condenser coil sections form- 
ing a plenum chamber that equalizes 
air pressures over all areas of the coil 
sections. Turbulent air, moving at 
high velocity across the coils, has a 
wiping action against the angular fins, 
creating efficient heat transfer. 


Additional advantages of — 
coil mounting include improved re- 
frigerant drainage and greater struc- 
tural strength. 

Marley Company, 222 W. Gregory 
Blvd, Kansas City 14, Mo. 


4-GAL DEHUMIDIFIER 


Complete with built-in humidistat, 
this dehumidifier (Model KSD-32) re- 
moves up to 4 gal of water waste 
from areas up to 14,000 cu ft. It 
weighs 55 Ib, and is 23% x 12 x 14% 
in. 

Kelvinator Water Coolers, Columbus 
13, Ohio. 
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NEW 


REVOLUTIONARY 








PURE WATER COOLER 
PATENTS PENDING © 


Just What You've Been Waiting For 





carbonated beverages, etc. 


proval of the dairy industry. 








The new "King Zeero" Pure Water Cooler is designed to provide 
charcoal filtered pure cold water for butter and cheese wash, 
cooling of dressed poultry, and ingredient water for bakeries, 
It provides ample chilled water 
when and where needed, either in batches or continuous flow, 
Ten years of constant experimentation and testing has gone into 
this cooler to meet "King Zeero's" rigid standards and the ap- 


Write for details to meet your requirements. 


“King Jeeves” 








THE K/NC ZEERO COMPANY 


4300-14 W. MONTROSE AVE... CHICAGO 41, ILL 


Manufacturers of Ice Builders - 


Ice Builder Cabinets - Ice Banks 
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BTU AIR CONDITIONING METER 


Refrigeration or heating furnished by 
central air conditioning systems using 
chilled or hot water may be meas. 
ured with this mechanical system re. 
quiring no electrical connections. 
Model 200-MR Btu Meter oper 
ates in conjunc- 
tion with a sepa- py 
rately located | 
water meter. A 
flexible drive shaft 
connects the two. 
It measures and 
multiplies the 
flow of the fluid 
by the difference | 
in temperature of ©™ 
the fluid before 
and after the heat exchange occurs. 
Indication of differential tempera- 
ture and totalizers for accumulated | 
flow and heat transferred are pro 
vided in the instrument. . | 
The illustration shows the meter 
with its differential temperature and” 
two totalizers. g 
Water meters used in the 4-in 
and larger lines may be located in a 
horizontal, vertical or slanting posi- 
tion. Smaller size meters are mounted 
horizontal. The Btu meter may be lo- 
cated up to 10 ft away from the water 
meter, in a position convenient for 
reading and duaching: 
American Meter Company, Inc., P. 0, 
Box 306, Garland, Texas. 









MASTIC SEALER 


Air conditioner sealing is one of the 
uses cited for this self-extinguishing, 
pumpable sealant, No. 144.7. Other 
sealers in the 144 series may be fast- 
drying, slow-drying, odorless and sub- 
mersible. 

Presstite-Keystone Engineering Prod- 
ucts Company, Div of American- 
Marietta Company, 39th and Chou- 
teau Ave., St. Louis 10, Mo. 


AUTOMOTIVE CONDITIONERS 


Two small cooling units are used in 
this easily installed automobile air 
conditioner. They are mounted sepa- 

rately under the dashboard to give J 
individual cooling to both driver and 
passenger; or they may be mounted 
in the trunk and set into the rear 
deck. Compressor and other parts 
with a weight of 85 Ib mount under 
the hood. Rubber hose connections 
are used throughout. 

Kool Engineering Corporation, 1320 
N. Clybourn, Chicago 10, Til. 


BARRIER INSULATION 

For the storage of liquefied gases at 
exceptionally low temperatures, thi 
newly developed insulation is said to 
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Sa For Your Pruoteclion 


SPECIFY + INSTALL 


> “ALCO 


SOLENOID 
VALVES 
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® Constructed both for hermatic 
and non-hermatic applications 
@ Manufactured of the best 
grades of corrosion-resistant 
materials 

@ Alco's Cool, POWER-PACKED 
coils, moisture proof impregnated 





@ Positive closing with pressure 
tested seating for POSITIVE 
SHUT-OFF 


@ All MANUFACTURED by ALCO 
to ALCO's high Quality Control 
Standards 






More than 1 2 5 models 


for every control application: 
LIQUID e SUCTION e HOT GAS 
WATER e STEAM e AIR 








Call your ALCO WHOLESALER 
WRITE for Specifications Bulletin 
No. 173-55 












e BUY SECURITY 
e BUY QUALITY 
e BUY ALCO 





The one complete line of refrigerant controls: Thermostatic Expansion Valves . Refrigerant Distributors 





Solenoid Valves - Suction Line Regulators + Flooded Evaporator Controls and Reversing Valves 


MAY 1959 


12] 











be about 15 times better than the 
commonly used powdered insulation 
and twice as good on a performance- 
to-density basis as the best materials 
known commercially. The high per- 
formance is credited to the use of a 
combination of radiation barrier and 
high vacuum. 

As density is 2 lb/cu ft or less, 
more liquid gas may be transported 
in a given size double wall vessel. 
The inner container may be increased 
in capacity without reducing insula- 
tion capability. 

National Research Corporation, 70 
Memorial Drive, Cambridge 42, Mass. 


DOWNFLOW HEATER 


For problem heating installations, in 


buildings with high ceilings, this 





manufacturer offers a downflow di- 
rect-fired gas heater which may be 










































































Improved Through IResearch 
Proven By Verformance 
The est For Your 
Water Treating Problems 





Seay as high as 40 ft above the 
oor. 
In four basic sizes from 300,000 
to 600,000 Btu/hr, the units mav be 
installed in multiples to provide 
greater capacities. 
The downflow heater consists of 





duct furnaces with automatic con- 
trols, a large propeller-type fan as 
sembly me screened, bell-mouthed 
intake boots. 
Reznor Manufacturing Company, 
Mercer, Pa. 


AUTOMATIC GAS FURNACES 


Basement, vertical and counterflow 
models of this “Professional” line of 
automatic gas fired furnaces have a 
new design heavy-gauge steel heat 
exchanger. Also new in design is the 
large-capacity, rubber-mounted blow. 
er which operates at low, quiet speed. 

The unit has extra capacity which 
permits it to be used for summer cool- 
ing without expensive changeover. 
Stewart-Warner Corporation, Leba 
non, Ind. 


PROCESS WATER 
CONDITIONING 
Suspending and _ inactivating those 
elements found in water which may 
prove harmful and damaging to equip” 
ment, a water soluble, complex phos 
phate is introduced automatically by 
this water conditioner which is com 
nected into the water line. ¥ 
The unit is in several capacities, 
and has been tested to 1500 psi pres 
sures. : 
Stiles-Karlsonite Corporation, 1550 
Grand Ave., Waukegan, IIl. “ 







SMALL MOTORS 


Single-phase motors, in totally-em 
closed fan-cooled explosion proo 

frames are in two, four and six pole 
speeds. Ratings range from % to 5 
hp. Condensers and the centrifugal 
mechanism used on the motors are 
completely enclosed within the front 
end head, providing added protection 
for these parts. Metal parts are pro- 
tected with rust and corrosion resist- 
ant coatings. 

Robbins & Myers, Inc., Motor Div, 


eq 


Write for literature on your letterhead. Springfield, Ohio. 





*REG. U.S. PAT. OFF. 


D.W. HAERING & (0., IC. 


ANALYSTS - CONSULTANTS - MANUFACTURERS 
P. O. Box 10337 
San Antonio 21, Texas 


DEFROST CONTROL 


Outside coils of heat pump units may 
be accurately defrosted with this No. 
230 Series control, designed for sim- 
ple mounting. 

The control movement is eél- 
closed in a molded plastics housing 
for protection from weather varia- 
tions. The timing combinations pet 
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for air conditioning and refrigeration 


equipment that you can guarantee... 


specify MUELLER BRASS CO, 


components 


The reliability of the refrigeration and air-conditioning 
units that you manufacture depends to a great degree 
upon the component parts that are used. When those 
components are made by the Mueller Brass Co., you 

econ guarontee the dependable performance that you 
engineered and built into your units. Whatever your 
engineering requirements may be, Mueller Brass Co. 
offers a complete line of products in a wide range of 
sizes and styles to meet every need. 


The all-new Drymaster Filter- 
Drier is the only one that gives 
you guaranteed balanced per- 
formance . . . matches drying 
capacity and filtering area to 
exactly meet the demands of 
every installation. 





Mueller Brass Co., the originator of 
the forged brass valve body for re- 
frigeration and air-conditioning, 
offers a complete line of standard 
valves and accessories for every job 
requirement. In addition, our engi- 
neers will design and fabricate cus- 
tom-made parts toy our specifications. 


esd dhticcadal 








SIGHTMASTER LIQUID INDICATORS 








LA 
j 





COMPRESSOR VALVES 


Write today for complete information on all 
Mueller Brass Co. products . . . the com- 
ponents that will give ‘‘out-of-this-world” 
performance in the refrigeration and gir- 
conditioning products that you manufacture 
for the original equipment morket. 








MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 
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mit application on reverse cycle win- 
dow units for stationary type heat 
pumps. The load circuit may be 
opened or closed for the defrost cycle 
to meet demands of a wide variety of 
control circuits. 

A remote control termination is 
optional. 
Paragon Electric Company, Two 
Rivers, Wisc. 


CIRCUIT BREAKER 

Suitable for heating and air condition- 
ing applications, this circuit breaker 
is rated 5 to 25 amp and is designed 


primarily for remote, overcurrent pro- 
tection of 110 volt ac motors through 
Ye hp. 

Metals & Controls Corporation, Attle- 
boro, Mass. 


DEFROSTING COOLER 

Brass sheathed calrod heating ele- 
ments run through the center section 
of this unit cooler, rapidly defrost the 
coil at predetermined intervals. The 
fully automatic system, the Hot Rod, 
is in eight sizes from 3000 to 32,000 
Btu/hr at 10 F TD. 

McQuay, Inc., Minneapolis, Minn. 









An all-purpose, all-quality thermometer for any 
and every frozen food cabinet...that’s the 


MARSH Zcivcrsat 
FROZEN FOOD CABINET THERMOMETER 


Here is Marsh quality, accuracy and beauty at a moderate 
price. Small and compact, but with a bold, easy-reading 214” 
dial having increased scale divisions in the working range. 
Accurate to plus or minus one division over entire scale— 
- ambient temperature. 

Its white enamel case with nickel plated ring is an adorn- 
ment to any cabinet. Note ease of installation pictured above 
...also unique ball and socket joint providing adjustment to 
best reading angle. Thermometer is standard with 5% feet 
of nickel plated capillary tubing. Write or, better still, 


sce your wholesaler 
MARSH INSTRUMENT CO. SALES AFFILIATE OF JAS. P. MARSH CORPORATIO. 


Marsh Instrument & Valve Co. (Canada) Ltd., 8407 103rd St., Edmonton, Alberta 
Houston Branch Plant, 1121 Rothwell! St., Sect. 15, Houston, Texas 


Ri it 


Thermometers * Gauges * Water Regulators * Solenoid Valves + Heating Specialties 


not affected 





Simply attach bracket and 
insert ball into socket. Ad- 
just to best reading angle. 






5% feet of tubing 





Dept. 32, Skokie, Ill. 
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AIR CONDITIONING CONTROLS 
Year round air conditioning in the 
home is effected by this 6 x 14 in, 
instrument panel giving constant read- 
ings of outdoor and indoor tempera- 
tures, barometric pressure and rela- 
tive humidity. 

Mounted in the wall, the Climate 
Center will control both heating and 





cooling cycles, provide for automatic ~ 
fan operation and for pre-set adjust- ~ 
ments of temperatures during night 7 


and day hours. 


Warning lights will flash if the © 
filter becomes clogged, the pilot light 
goes out, the oil burner fails to ignite, — 
or if the compressor does not work ~ 


properly. 


Carrier Corporation, Syracuse 1, N.Y. 3 


INERT GASKETING 


Gaskets for stainless steel fittings, 
unions and flanged joints, in a full ~ 
range of sizes are cited as inert to 
most chemicals and stable over a wide — 


temperature range. 


American Machine and Solvents Com- " 


pany, Inc., 79-22 71 Ave., Glendale 
27, N. Y. 


PLACARD LIGHTS 

Twin-lamp indicator lights, designed 
for industrial and annunciator panels, 
have 1% x 9/16 in. plastics lenses 
which may be engraved to denote cir- 
cuit function. This eliminates the 
need for interpreting the significance 
of tiny individual lights. 

Lenses of the indicators are held 
mechanically captive to anodized alu- 
minum cases. Those removed for 
lamp replacement cannot be acci- 
dentally replaced in the wrong socket 
case. 

Standard Series L5900, dual-color 
Series L5910 and Press-to-test Series 
L5200 are the models offered. 
Hetherington Inc., Folcraft, Pa. 


SENSITIVE ACTUATORS 

Thermostatic high force actuators util. 
ize special materials that expand as 
temperatures increase to force 4 
moulded synthetic rubber plug into 4 
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New (UN) Type "H” 
UOUNIT HEATERS 


CONTROL BOTH 
HEAT SPREAD and THROW 


TOP VIEW 


VERTICAL 
DISCHARGE LOUVRES 


Arrangement of both horizontal and vertical 
discharge louvres (standard equipment—no 
extra cost) in these new unit heaters affords 
efficient control of both heat spread and dis- 
tance of throw. 

This dual control effects extra efficiency and 
extra economy required in factories, commercial 
and institutional buildings, making Dunham- 
Bush Type “‘H” the best unit heater buy for 
such installations. 

The new Dunham-Bush Unit Heaters are 


VIEW 


al@]. iP 4°), ag.) 
DISCHARGE LOUVRES 





designed for either steam or hot water systems. 
Capacity range is from 65 to 1200 EDR. 
Working pressures are up to 150 psi. 

Long life is assured with aluminum heating 
element fins; copper tubes with permanent 
mechanical bond; phosphatized rust resistant 
steel casing; motor support doubles as fan 
guard. Motors are sleeve bearing—single and 
three phase. 

Send for File 1306C listing sizes, capacities 
and other technical data. 











Dunham-Bush, Inc. 


WEST HARTFORD 10 e* CONNECTICUT e U. S. A. 


MAY 1959 





DunkAam BUSH 


AIR meget ei REFRIGERATION + HEATING + HEAT TRANSFER 
HARTFORD, CONNECTICUT ° MICHIGAN CITY, INDIANA 
UL a . RIVERSIDE. CALIFORNIA 
Sues DraRes 

















reduced diameter in the piston guide. 
Identified as Vernatherms, the actua- 
tors supply mechanical power from a 
small change in temperature. 
Movement of the piston is used 
to operate a valve disc, mechanical 
linkage or electric switch. The piston 
moves against the force of a return 
spring. This action causes the return 
movement of the piston and reforms 
the thermostatic materials to their 
original shape as the element cools. 
Miniature sizes lift a 30 Ib load 
1/3 in.; larger sizes, up to 250 lb % 


in. Temperature control ranges may 


be obtained from sub zero to 450 F. 
Detroit Controls Div, American-Stand- 
ard Corporation, 5900 Trumbull Ave., 
Detroit 8, Mich. 


PLASTICS INSULATION 


Especially designed for low tempera- 
ture application down to —300 F, this 
premolded rigid polyurethane pipe 
insulating material is intended to in- 
sulate lines in continuous service be- 
tween —300 to 250 F. 

Tests indicate that at a mean 
temperature of OF it has a K factor 
of .096 Btu/sq ft/hr/F. Compressive 





MOISTURE MAGNET DRIERS 


Now CUD priers with 
TRIPLE FILTRATION 
are 3 Times Better for You! 


e NO CARTRIDGES 
e@ NO ADHESIVES 


e NO BINDERS 


to reduce drying capacity and efficiency 





00% SILICA GEL OR MOLECULAR SIEVE 
DESICCANTS CONTAINED IN MICRO-MESH SCREEN 


More than 187 of the leading refrigeration and air con- 
ditioning manufacturers use KMP® Moisture Magnet® 
Driers as original equipment. There’s a reason. It’s not 
only the dependability, low cost and efficiency of opera- 
tion of the triple filtration Moisture Magnets®, but also 
the manufacturers’ assurance that the operation of their 
product is protected from moisture, foreign particles and 





Desiccant Self-Contained in Micro-Mesh Screen 





pressure drop. This same protection is yours with Ken- 
more Moisture Magnet Driers. 


See the KMP line at your Refrigeration wholesaler. 










KENMORE MACHINE PRODUCTS, INC. ; 
LYONS, NEW YORK 


Driers * Accumulators * Accumulator Driers © Strainers * Capillary Assemblies 














strength is 50 psi at 75F, flexural 
strength is 103 psi; tensile, 60 psi. 
Sizes are from % to 12 in. diam. 
Thickness ranges from % to 2% in. in 
¥% in. increments. Molded pipe half 
sections are 3 ft long. 

Baldwin-Hill Company, 500 Breunig 
Ave, Trenton, N. J. 


THREE POSITION TIME SWITCH 


For more versatile automatic heating 
control, this manufacturer offers mode] 
1197NB, which in addition to normal 
switching from high to low thermo- 
stat, provides automatic fast morning 
pick-up. 

An omitting device permits the 
elimination of heating on week-ends 
or other desired days, without alter- 
ing the master daily cycle. 

Tork Time Controls, Inc., Heating 
Control Div, Mount Vernon, N. Y. 


LEVEL CONTROL PILOT 


| This liquid level control pilot with 


an adjustable proportional band em- 
ploys the differ- 
ential pressure 
sensing method. 
It is unaffected by 
surface turbu- 
lence and does 
not require floats, 
cages, linkages, 
torque tubes or 
stuffing boxes. 

By means of 
a single knob ad- 
justment the pro- 
portional band 
may be set while 
the liquid level system is in operation, 
without affecting the liquid level set 
point. 
Leslie Company, 107 Delafield Ave., 
Lyndhurst, N. J. 





MOISTURE MEASURE 


Automatically monitoring the quan- 
tity of moisture in liquids, this instru- 
ment gives a continuous readout. 
Quantities as small as one ppm may 
be detected immediately. 

An electrolytic cell employing a 
coulemetric principle obtains rapid 
analysis of trace moisture. A stripping 


column ahead of the electrolytic cell 


removes all moisture from the liquid 
sample. The liquid trickles down an 
internally shsaded groove in the col- 
umn. The stripping gas passes from 
bottom to top through the center of 
the column, pulling the moisture with 
it. Internal construction assures that 
the gas and liquid are brought into 


_ intimate contact, and that foreign 
| gases or moisture are not introduced. 


The stripping gas then passes into the 
electrolytic cell for analysis of the 
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Here is a new standard for freeze-thaw resistance. The inset above 
tells the Wat-R-Bar story: after being subjected to 50,000 freeze-thaw 
cycles it is still in perfect condition, while a competitive sealer has long 
since broken down after just 250 cycles. 

Wat-R-Bar is odorless, non-contaminating, non-toxic; permanently 
plastic, non-drying with excellent adhesion and cohesion on all types 
of clean surfaces. It will not become brittle at —40°F, or shrink with 
age; will not affect rubber, plastics or lacquer surfaces. Comes in 
attractive ice-blue or white, available in bulk, extruded beads or tapes 
for easy application. 

If you have an installation that requires effective, lasting resistance 
to high humidity between similar or dissimilar materials—Wat-R-Bar is 
the answer. 


FREE SAMPLE is yours on request. Put it to 
te toughest test in your plant. Write Dept. R-3 





3790 CHOUTEAU AVENUE e@ ST, LOUIS 10, MISSOURI 





Lt Bar outlasts conventional sealers 200 to 1 
... 50,000 freeze-thaw cycles and still going strong 
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amount of moisture it has accumu- 
lated. 

A metering pump is used as a 
liquid flow controller to insure against 
changes in the flow rate of liquid pass- 
ing through the stripping column. 

The unit is mounted in a weather- 
proof, explosion-proof housing. An 
eight-point selector switch on the con- 
trol panel provides full scale attenua- 
tion ranges of 1000, 300, 100, 30 and 
10 ppm. 

Consolidated Electrodynamics Corpo- 
ration, 300 N. Sierra Madre Villa, 
Pasadena, Calif. 


GREASE FILTER UNITS 


Three-stage double flame baffle grease 
filters feature a higher per cent of 
grease removal, no back drip and ease 
of cleaning. Two filters in one, sepa- 
rated by an air space, serve to elimi- 
nate the causes of flame flash through 
filter into the ductwork. 

Two filter units in a single steel 
frame are separated by a %-in. air 
space which acts as a cooling and 
solidifying chamber. The entire unit 
is made of heavy-duty metal. 

Extraer Inc., 1210 Chenevert, Hous- 
ton, Texas. 
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SERVICE HERMETIC UNITS 
on the om cnee WITH 






LINE TAP VALVE 
U.S. PAT. NO. 2,827,913 


A small compact valve that is easily 
attached on refrigerant lines and 
pierces the tubing to provide a perma- 
nent port for charging, discharging 
and testing, without refrigerant loss. 
Available for 6 O.D. tube sizes: *4,”, 
M4" Ke" 3%” ¥” 56” All sizes the 
same price. 


CAN TAP VALVE 





























Screws on to most all packaged refrig- 
erant containers and pierces can seal 
to release refrigerant. Exclusive 3 
point sealing allows you to use as 
much refrigerant as is required with 
confidence that the balance will not 
leak from the can. Easily shut off and 
sealed. Needle is replaceable. 






LINE PORT VALVE 


U.S. PAT. NO. 2,824,756 


Provides a service port for sealed 
units when it is desirable to cut the 
line that is to be tapped. Incorporates 
T-S connection which permits a variety 
of installations whereby one end may 
be flared, the other soldered or both 
ends either flared or soldered. 


CONTROL VALVE 


Part CV-1 — A lifetime tool designed 
to operate all Line Tap, Can Tap and 
Line Port Valves. Quick coupled — 
installed without wrenches. CV-2 Con- 
trol Valve is used in same manner as 
CV-1. Double fitting enables you to 
connect a gauge and charging line in 
series to one or any number of pack- 
aged refrigerant containers. 


Send for 1959 Catalog — Dept. J-5 























1020 E.15th STREET « HIALEAH, FLORIDA 














SIDEWALL PERIMETER 
DIFFUSERS 

Four-way air pattern control is a fea. 
ture of the No. 25 sidewall and No, 
26 baseboard perimeter diffusers, with 
factory set fins to provide the corregt 
air pattern for typical sidewall perim. 
eter diffuser locations. 

Air Control Products, Inc., Coopers 
ville, Mich. 





















SPRAY-COIL DEHUMIDIFIERS 


Low pressure and high pressure bloy 
through sprayed coil dehumidifi¢ 
have been added to this firm’s line 
draw-through dehumidifiers. 4 

Both types of blow-through mo 
els are in 127 sizes with capacit 
from 2310 to 45900 cfm, and 
operation to 9-in. static pressure. ~ 

For use in single zone, multizo 
or dual duct blow-through syste 
they have either direct expan 
Type X coils or chilled water 
W coils. Inlet louvers have reme 
ble blades. : 
American-Standard, Industrial Di 
Detroit 32, Mich. 


TABLE TOP REFRIGERATOR»: 


Five cu ft of cold storage space aig 
incorporated into this three-shelf 1 
frigerator for installation under-the 
counter, for built-in uses. ‘ 
Glascock Brothers Manufacturi 

Company, Muncie, Ind. " 


MOTOR STARTERS t 
Mounted in any position for such ap- 
plications as starting and stopping 
compressor and fan motors and au 
iliary heating circuits on ac systems, 
this magnetic line contactor is spe 
cially designed for central residenti 
air conditioning systems. Methods of 
eliminating “contact bounce” a criti 
cal characteristic of contactor mech 
anisms, have been considerably itr 
proved. 

As part of a pilot duty p rotectil 
the contactor will handle locked rotor 
currents required by the overl 
protector. 

General Electric Company, Sc 
tady 5, N.Y. 










CALIBRATED PRESSURE 
CONTROL 


Suitable for air, gas or liquid pret 
sures in hazardous locations, this new 
high pressure control is in rang@ 
from 10 psi to 1700 psi, with a proo 
pressure of 2500 psi and a maximull 
pressure of 3500 psi. | 

Pressure settings are made Dy 
turning a knurled knob against a cae 












(Continued on page 130) 
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PERFECTION BEYOND THE ‘‘N™”’ DEGREE! 





Through these dies passes the world’s most perfect 
thin-wall tubing! 

To achieve this perfection, the mandrils and dies 
used by Viking not only have been engineered to 
a degree of precision far greater than specifica- 
tions require .. . but they are constantly checked 
to fantastically small limitations on special ma- 
chinery built by Viking for this purpose. 





The advanced techniques utilized by Viking natu- 
rally produce thin-wall copper tubing that is 
consistently superior in quality — quality that 
reflects itself in savings and dependability for 
the user. As a result, more and more manufactur- 
ers of air conditioning and refrigeration units 
and coils find that Viking continues to be the 
best source for thin-wall copper tubing. 


VIKING 


mSCOPPER TUBE co. 
CLEVELAND 10, OHIO 


PRECISION DRAWN SEAMLESS COPPER TUBE 
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(Continued from page 128) 


brated dial. It may then be locked. 
Switches may be normally open, nor- 
mally closed, or double throw with 
no neutral position, and are rated for 
15 and 20 amp at 115/230 volt ac. 
All switches are single pole and suit- 
able for ambient temperatures up to 
180 F. 

United Electric Controls Company, 
79 School St., Watertown, Mass. 





RELIEF VALVES 


Two automatic temperature-pressure 
relief valves, designated as models 
496 and 497, are for use in protecting 
against both excessive pressures and 
temperatures when inserted in either 
hot water lines or tanks. The thermo- 
setting element of each provides ef- 
fective temperature relief action and 
assures immediate closing of the 
valve after 10 deg drop in water tem- 
perature. They may be adjusted to 
relieve water at any pressure between 


50 and 200 psi. Btu ratings are 150,- 
000. 
Mansfield Sanitary, Inc., Perrysville, 
Ohio. 


TRUCK ICE CREAM CABINET 


Holdover truck cabinets feature a 
separate hermetic compressor unit 
which may be used remotely or may 
be adjusted to any height on the back 
or either end of the cabinet to ac- 
commodate all types of truck installa- 
tion. The cabinet has a 2.3 cu ft 
capacity and holds 30 half-gal ice 
cream containers. 
Brewer-Titchener Corporation, Re- 
frigeration Div, New Milford, Pa. 


WIRING DEVICES 


Polarized and grounding devices for 
installation of air conditioning units 
are offered for most installation needs. 

The No. 6051 3-wire polarized 
receptacle is slotted in the crowfoot 
pattern, and the No. 5661 3-wire 
grounding receptacle is tandem-slotted. 
They are designed for side or back 





wiring. Ratings are 15 amp, 125 volt, 
and 10 amp, 250 volt for the polarized 
device and 15 amp, 250 volt for the 
grounding receptacle. 

Pass and Seymour, Inc., Syracuse 9, 
N.Y. 


REVERSING VALVES 


Internally cushioned for smooth and 
quiet shifting, this 15- to 20-ton re. 
versing valve is full seating, Teflon 
against brass, and may be applied to 
refrigeration systems of any tempera- 
ture. 

Low pressure drops and slight 
cubic inch displacement are offered 
in another reversing valve for window 
air conditioners; also Teflon against 
brass. 

Chatleff Valve & Manufacturing Com- 
pany, P. O. Box 996, Austin, Texas, 


KITCHEN UNITS 

Gas and electric-gas convertible re 

frigerators in four and six cu ft sizes 

have automatic ice cube release trays, 
(Continued on page 132) 








STANDARDS 


(Continued from page 93) 





at least one year, to service all 
equipment throughout its life, and 
to conform to applicable building 
codes, fire prevention regulations, 
and nationally recognized stand- 
ards. 


NEMA PRODUCT STANDARD 
Publication No. CN 1-1958 cover- 


ing room air conditioners is avail- 
able from NEMA Headquarters at 
30¢ per copy. 

Principal items covered are: 
1. definition of a room air condi- 


tioner; 2. uniform procedures for 
determining performance under 
specified test conditions; 3. mini- 
mum characteristics for room air 
conditioners; and 4. a provision 
that units built to NEMA standards 
shall carry a name plate on which 
manufacturers indicate total cool- 
ing and/or heating capacity in 
Btuh as tested and rated according 
to the standard. 


SES MEETING 


The Eighth Annual Meeting of the 
Standards Engineers Society will 
be held on September 21 and 22 in 
Boston. The theme of the meeting 


will be built around the philosophy, 
research, education and manage- 
ment involved in the field of stand- 
ardization. Additional information 
relative to the meeting as well as 
the Society may be obtained from 
their Headquarters, 1025 Connecti- 
cut Avenue, N.W., Washington 6, 
D.C. 


SEMINAR 


Dr. John Gaillard, consultant on 
industrial standardization, will hold 
his next seminar on the subject in 
New York City in June. 

Further details from Dr. Gail- 
lard at 135 Old Palisade Road, Fort 
Lee, N. J. 





Lely 
aX e 


hot-dip GALVANIZING 








Quality work to rigid standards, emphasizing quantity production 
on “hard-to-do” jobs. Also experienced metal-spraying applicators. 
Refrigeration, air-conditioning and heating items our specialty. 
Ideally located for eastern seaboard and export shipments. 


«, Members American Hot-Dip Galvanizers Association, Inc. 










The Southern Galvanizing Co. 


[622 BUSH 3. 








. BALTIMORE 30, MD. 
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COMPARISON! 


THE OFFICIAL MONTHLY of HEATING, REFRIGERATION, AIR-CONDITIONING, VENTILATION 


The ASHRAE JOURNAL is a professional publica- 
tion written with authority and read with conviction. 
It belongs to the Society members, is published for 
them and editorially contains what they want to read 
—the exclusive technical papers of the Society de- 
scribing scientific research and the study of principles 
and methods; also pertinent general information 
about the industry. 


The ASHRAE JOURNAL is the Society monthly 
forum for discussing important issues. As the official 
publication of the Society the ASHRAE JOURNAL 
provides an audience which is a select, premium 
circulation. Every member is a sub- 
scriber, every member considers it his 


The Closing Date for THE 


Headquarters, 62 Worth 
Street, New York 13, N. Y. 


J. Craig Johnson 
BArclay 7-6262 


publication. 


The ASHRAE JOURNAL has a unique readership 
by those engineers vitally concerned with designing, 
specifying or purchasing equipment components, 
parts and material used in heating, refrigeration, 
air conditioning and ventilation. 


This is real READERSHIP—not just a quick “thumb- 


through” and a mental reservation to read it later. 


CIRCULATION DATA 

ASHAE Members 12,084 

Plus the ABC Circulation of “Refrigerating 
Engineering Including Air-Conditioning” 10,296 


TOTAL CIRCULATION: 22,380 





For complete details on circulation, rates and 


mechanical requirements contact: 


ee ee eee NEW YORK CHICAGO LOS ANGELES 

2 ogg Se — 1 e : W. M. Vidulich, William J. Gatenby Richard T. Biedler 
1959. For details write: “adheuiidlitiam te M yo yon tian 
W. M. Vidulich at ASHRAE Varney mgr. oom . Western St. 


35 E. Wacker Drive 
Chicago, Illinois 
Financial 6-7255 


Los Angeles, Calif. 


Published by the 


AMERICAN SocIETY OF HEATING REFRIGERATING AND AIR-CONDITIONING ENGINEERS 


62 WortH Street, New York 13, New York 


MAY 1959 
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automatic controls and a dual hinge 
design which permits reversal of the 
door opening. The ElectriGas model 
converts from gas to electricity in ten 
seconds. Cross top freezing is fea- 
tured in the 6 cu ft model. 

Norco, Inc., 5111 W. Washington 
Blvd., Los Angeles 16, Calif. 


FOAMED INSULATION 

Cited as producing lower K values 
than other types of foamed insulation 
now in use, this polymer system is 
used in conjunction with a haloge- 
nated hydrocarbon to produce a closed 
cellular structure. 

The system, trade-named Lock- 
foam, exhibits a K factor of about 
.10, and because of this needs less 
space. 

Nopco Chemical Company, Plastics 
Div, North Arlington, N. J. 


TUBING INSULATION 


Closed cellular nitrogen-filled tubing 
insulation is designed to stop conden- 
sation on cold lines and to provide 
thermal insulation for copper tubing 
carrying hot, cold, or chilled water, 
or other liquids or gases. The K fac- 
tor is cited at 0.28 at 75 F. The effec- 
tive temperature range is from 0 to 
200 F. 

Clocel is produced in standard 
copper tubing sizes, from % to 3% in. 
ID. 

Insul-Coustic Corporation, 42-23 54th 
Rd., Maspeth 78, N. Y. 


OIL FIRED FURNACES 


Addition of three sizes to the Moncrief 
OW Series of oil fired winter air con- 
ditioners results in capacities of 84,- 
000, 95,000 and 112,000 Btu/hr. 
Burners and controls in all sizes may 
be either exposed or enclosed. 

The heavy-gauge, cylindrical 
combustion chamber is lined with a 
refractory firebox installed at the fac- 
tory. Furnaces are equipped with a 
high-pressure, gun-type oil burner 
and flame-detect . type primary con- 
trol. 

Henry Furnace Company, Medina, 
Ohio. 


PIPE FITTING INSULATORS 


Molded glass fiber insulators offer 
ease of installation, insulating effi- 
ciency, immunity 
to rust, rot and 
corrosion and neat 
appearance. 
Installed by 
placing the two 
halves of the in- 
sulator over the 
pipe fitting, and 
taping, wiring or 
stapling the sec- 
tions together, they are removable and 
replaceable. They may be covered 
with canvas, mastic coatings or paint. 
Operating temperatures mav 
reach as high as 450 F. 
Insul-Coustic Corporation, 42-23 54th 
Rd., Maspeth 78, N. Y. 





REDUCING VALVE 


Improved performance is cited as the 
result of redesigning this firm’s % and 





Others are saying— 


(Continued from page 95) 


by liquefaction. Vessels carrying 
some 30,000 ton will probably be re- 
quired to secure any real economy. 
Modern Refrigeration, March 1959, 
p 238. 


et ears es the advent of the gas 
refrigerating machine has made it 
possible to build a simple and eco- 
nomically workable installation for 
producing pure liquid nitrogen from 
atmospheric air. In an article describ- 
ing the operation and construction of 
such an installation which has been 
developed at the Philips laboratories, 
Eindhoven, two Netherlands engi- 
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neers explain a system which is now 
on the market. Philips Technical Re- 
view, February 10, 1959, p 177. 


ee careful frozen food han- 
dling and transportation are rela- 
tively simple requirements that are 
wholly feasible commercially, says 
H. C. Diehl, and they should be fol- 
lowed consistently. The goal is 0 F 
for maximum temperature protection. 
It requires personal protection. 
Industry must modify procedures 
and equipment to achieve that objec- 
tive. Industrial Refrigeration, March 
1959, p 14. 








2 in. sizes of piloted pressure regula- 
tors. They now feature sliding gate 
and plate seats and new external 
sensing tubes, as well as the Teflon 
pilot seat, handwheel and thumblock. 
Suitable for pressures to 250 psi 
and temperatures to 450 F, they are 
in bronze, cast iron and ductile iron, 
with screwed ends. 
OPW-Jordan, 6013 Wiehe Rd., Cin- 
cinnati 13, Ohio. 


ROOM CONDITIONERS 


Individual room air conditioning units 
in this newly redesigned line are 8% 
x 25 in., affording a minimum of 
space necessary for installation. 

In four models — ceiling, hide- 
away, floor and basic, each in five 
sizes, all units utilize central station 
heating and cooling with capacities 
of 220, 330, 440, 520 and 640 cfm. 
The four smaller sizes are equipped 
with 1050 rpm motors; the largest has 
1500 rpm. 

McQuay, Inc., Minneapolis, Minn. 


SEALING MATERIAL 


Combining cork and silicone rubber, 
this newly developed LC-800 allows 
the use of cork and rubber gaskets at 
higher temperatures than before pos- 
sible. 

Armstrong Cork Company, Industrial 
Div, Lancaster, Pa. 


FITTINGS AND FLANGES 


Light wall stainless steel fittings and 
flanges designed for nominal-tempera- 
ture, low pressure non-critical process 
piping are suited to corrosive applica- 
tions in the area of 150 psi or less. 
The Pipe-Mate line features long 
tangents that permit easy alignment 
of fittings and pipe and allow clear- 
ance for fabrication of completely 
flanged elbows, returns, tees and 
crosses. 
Tube Turns, Div of Chemetron Cor- 
poration, Louisville, Ky. 


COOLING TOWER LINE 


Packaged induced-draft water cooling 
towers for use with commercial an 
industrial air conditioning systems 
have been designed to provide more 
cooling capacity in less space. 

Model 3208 in the 3200 Series 
Hydra-Glide line, has a 7.5 ton ca- 
pacity at 78 F wet bulb and is 30 x 
45 x 54 in. 

The towers are in all-steel con- 
struction with a plastics base coating 
or stainless steel. The line ranges 
from 5 to 60 ton. 

Mason Products, Inc., 9 Crane Court, 
Woburn, Mass. 
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HOW A PHILLIPS SYSTEM SAVES YOU MONEY 


“SLOP-OVER” 


necessary evil 


A PHILLIPS Liquid Ammonia Return 
System Will Protect Your Refrigeration 
Plant Automatically by Putting 
Slop-Over Where It Belongs — 

In the Receiver 


A PHILLIPS Liquid Ammonia Return 
System gets liquid “slop-over” out of the 
accumulator in a refrigeration system _al- 
most as fast as the liquid arrives. The 
Phillips system sends the liquid back to 
the receiver quickly and automatically. 
Plant efficiency is increased, compressors 
are protected from wear and damage; 
operator time is saved; maintenance is 
decreased. 


The Phillips system provides an extra 
dividend by speeding defrosting—it per- 
mits liquid to be drained quickly from 
coils to other parts of the system, to be 


EVAPORATOR 


c Ar. A 


PHILLIPS 





THE HEART OF THE SYSTEM 


This three-way valve, the heart of the Phillips sys- 
tem, helps keep it simple. The three-way valve teams 
up with the check valves and dump trap to keep 
liquid level down in the accumulator: The valve 
opens the line between the accumulator and Phillips 
liquid dump trap, to drain the accumulator; then lets 
high-side pressure through to empty the trap into the 


receiver. Process repeats automatically, as required. 


PHILLIPS 


FLOAT CONTROLS 


just as quickly returned after defrosting. 


Several types of systems are available, for 
gravity, injection-lift and pressure-lift op- 
eration in sizes up to 1,000 tons. Let a 
Phillips engineer help you select the right 
system. Send for Bulletin LRS-56. 





REFRIGERATION 
CONTROL SYSTEMS 


3255 W. Carroll Ave. 
Chicago 24, Illinois 














H. A. PHILLIPS & CO. 
DESIGNERS AND ENGINEERS 
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: 160 tons of Air-Cooled 

1 Freon Condensers, supplied 
1 by F. H. Langsenkamp Co., 
I . " 

j_ Indianapolis wholesaler, 

i play a major part in one of 
. the industry's largest air 

1 conditioning systems at the 
: Indiana Gear Works, Inc. 

1 

1 

| 

a 


INDIANA GEAR WORKS 


cuts air conditioning maintenance costs 40% 


John Kingsbury, Air Conditioning Equipment Co., In- Condensers, the push of a button starts or stops the 





dianapolis, solved a costly maintenance problem when 
he replaced a previous water-cooled system with Krack 
Air Cooled Condensers. Down time for draining the 
system, scale removal and general summer and winter 
overhaul was eliminated. Now with Krack Air Cooled 





Send free bulletin giving all technical details. 


system any time of the year. 

Krack Condensers offer more coil surface to give you 
lower condenser temperatures and higher mechanical 
efficiencies. Capacities: | to 50 tons. 

Send coupon today—for helpful bulletin. 


REFRIGERATION APPLIANCES, Inc., 917 Lake St., 


Chicago 7, Illinois 

















Zone__State_ 








€ 
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' 
gy REFRIGERATION 1 Nome 
APPLIANCES, INC. g Firm 
. Address 
Manufacturers of freon, ammonia, . City. 
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flooded ammonia heat transfer equipment 
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UNTFORMITY ‘es 


Reason why—it Pays to Specify 
Phoson and Sil Bond Brazing Alloys 


Results are what you pay for when you buy brazing alloys 
.. . Fejection-free results! Getting these results depends 
upon the uniformity of alloy of the brazing rods and rings 
you use. That’s why United homogenizes Phoson and 

Sil Bond brazing alloys . . . giving them unexcelled 
uniformity of alloy. Another reason why, for 
rejection-free results, it pays to specify 

United Phoson and-Sit Bond! Available in 
coils, straight lengths and preformed © 
rings through your welding supply 
wholesaler, or direct from: 

United Wire and Supply Corporation 
Providence 7, Rhode Island 
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9140-TON TURBINE-POWERED 


Engineers operating a pair of automatic control cen- 
ters may electronically control the comfort of 15,000 
office workers and an estimated 10,000 daily visitors 
in one of the world’s largest air conditioned office 
buildings, the Chase Manhattan Bank’s new head. 
quarters in downtown New York. The 60-story tower 
is now under construction. 

Two Minneapolis-Honeywell Supervisory Data 
Centers, linked to thermostats, valves and sensing 
devices at key points throughout the skyscraper, will 
enable two engineers to provide by remote control 


| the desired indoor climate. 


The centers consist of miniaturized consoles and 
panels housing data-handling systems providing four 
main functions: Logging and checking of temperature, 


_ humidity and operating efficiency at key points from 
| five floors below street level to the roof, adjustment 
_ of all main controls, and the stopping of fans and 
| pumps monitored by pilot light indications of these 
| operations. (see Cover) 


Diagrams of heating and air conditioning systems 


| for each of the tower’s 60 floors will be projected onto 
_ the Selectographic screens. Controls are operated from 
| automatic data centers on two floors. Fan controls are 


grouped complete with name plates, push-buttons and 
pilot lights. Also on the panel are stop buttons and 
lights for 78 fans, 58 pumps and 346 remote control 
point adjustors. 

The building will be cooled by a 9140-ton air 
conditioning system. At the center of the cooling sys- 
tem are four centrifugal compressors driven by steam 
turbines. Water cooling towers covering most of the 
roof will be cooled by fan-driven blasts of air. Cool 
water will be piped from the refrigeration machines 
to 6745 cooling units in all parts of the building. These 
same units will heat the building with hot water in 
the winter. Heating of one area and cooling of another 


_ may be effected simultaneously. 


~HEATING-COOLING IN NEW DELHI 


Reducing air conditioning requirements in the United 
States Embassy Building, New Delhi, India, are a 
screen of pierced tile that drops from roof to floor 
and a second roof slab that sits like a parasol over the 
regular roof. 

The long rectangular building is perched on a 


_ platform overlooking a reflecting pool. It encloses 4 


courtyard, allowing the offices surrounding it to 


| take advantage of cross-ventilation during temperate 


weather. The flat roof is extended 20 ft to create 
a portico supported by narrow gilded aluminum 
columns. 

Mechanical cooling is required about six months 


| of the year, and some heating is needed during the 
_ Indian winter. Indoor temperatures are provided by 


| a reverse cycle system. 


Air handling equipment in perimeter rooms 0m 
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the first and second floors consists of high pressure 
Trane Company Induction UniTrane units. Primary 
air is provided to these units by a spray-type Climate 
Changer fitted with a high pressure fan. 

Interior areas, such as an auditorium, security 
area and lounge are conditioned by these units with 
duct distribution systems. Basement rooms are con- 
ditioned by individual units, each with an outside air 
intake. 

Two Cold Generators, with a combined cooling 
capacity of 250 ton, make up the refrigeration nucleus 
of the system. Also a part of the central plant is an 
induced draft evaporative cooler. Winter heating is 
achieved by reversing the refrigeration cycle and cir- 
culating the condenser water of the Cold Generators 
through the Climate Changer coils and an ethylene 
glycol solution through the evaporative cooler coils. 


DUAL CASCADE REFRIGERATION 


Engineered as a component for research operations 
in connection with the development of synthetic rub- 
ber, the stainless steel chamber illustrated utilizes 







a dual cascade refrigeration system. This provides 
the thermal capacity to effect rapid chilling of chemi- 
cals and additives in a reactor placed within the 
chamber. 

As supplied by Cincinnati Sub-Zero Products, 
the chamber is 24 x 18 x 24 in. The combining of the 
chemicals is achieved with an agitator within the re- 
actor. A continuous low temperature of —170 F, and 
arapid chill to this low temperature, is essential ‘n 
securing the optimal product. As a component part 
of the research operations, maximum efficiency in the 
equipment must be obtainable at all times. 

For efficiency of heat transfer, a convection fluid 
inthe chamber is continuously recirculated. The dual 
cascade refrigeration system is powered by 5, 3 and 
2 hp explosion-proof motors. 


UNDER WATER MISSILE LAUNCHING 
AIDED BY COOLING SYSTEMS 


Five atom-powered submarines now being built for 
the U. S. Navy will each use five ductile iron recipro- 
uating type chilling systems providing a total of 300 
ln capacity. These ballistic missile undersea ships 
will be able to launch a number of Polaris missiles 
With a nuclear warhead while under water and con- 
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Reason why — it Pays to Specify 
United Seamless Copper Tube 








capillary up to/142”) United delivets tube to exact 
specifications for size, tol , temper, 

finish and cleanliness. In coils, standard mill 
lengths, or cut to specifications, 








. information or quotations: 
_* nited Wire and | Corporation 
hs Providence , Rhode Island 
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PICAL UNITED TUBE SIZES 











(SHOWN TWICE ACTUAL Size) 
025 WALL 
For aluminum, brass and copper wire and tube 
or silver brazing alloys . . . always & 
a 
*. 4 “bone 








No matter how “exact” your size requi for copper, 
aluminum or brass tube . *. spec - A precision 
small-diameter, thin-wall tube mill (from finest 
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Why try to kill algae like this... 


we. 
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USE CALGON’ ALGAECIDE 


Calgon’s Algaecide kills slime and algae fast — helps keep 
cooling water system operating at top efficiency, Get a 


supply from your Refrigeration Wholesaler today. 


| CALGON COMPANY 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 3O, PA. 
in Canada: Hagan Corporation (Canada) Limited. Toronto 













WHERE 
OTHERS 








x FREON-12 
FREON-22 
COMBINATION 
§ WATER 
REGULATOR 
Ask Your Wholesaler 








CONTROLS 





REFRIGERATING 


SPECIALTIES COMPANY 


3004 W. LEXINGTON ST. e@ CHICAGO 12, ILLINOIS 
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cealed from detection. Firing range of the missiles 
up to 1500 miles. The Polaris ships generate greaj 
quantities of heat from such sources as the nucleg 
reactor, extensive electronic machinery, lights, peopl 
and morale items like a juke box, hi-fi system, tele. 
vision set, tape recorder and electronic organ, which 
also add to the need for temperature and humidity 
control. q 

Carrier Corporation is supplying the refrigeratio 
equipment for cooling and dehumidifying the re 
circulated air. 


59th STATE DOUBLES COLD 
STORAGE SPACE 


Adjacent to the port of Honolulu, the Hawaii Cold 
Storage Company operates a facility of 300,000 cu f 
for the storage of perishables. The Refrigerant-12 sys 
tem with liquid recirculation and a rotary compressor 
supplied by Freezing Equipment Sales, Inc., on low 
stage, will keep up to 12 million Ib of food at tem 
peratures to —10 F. 
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ism that has been creeping into our local meet- 
ings. Again, any ideas you may have are wel- © 
come. 4 
Another important phase of our opera- — 
tion that needs study is that of public relations. ~ 
For some unexplainable reason, most Engineers — 
seem to regard publicity as sinful, while at the ~ 
same time bemoaning the fact that the world — 
in general does not acknowledge our accom- ~ 
plishments. It should be pointed out that in ~ 
our present day complicated technical world, ~ 
Mr. General Public has no measuring rod with — 
which to measure the value of our accomplish- ~ 
ments unless we who know point out to him | 
what we do and have done. Today other people ~ 


take credit or it is taken for granted. BEFO 
Other major professions are not so mod- 
est; which places us in a much smaller scale in W 


the general picture of accomplishment than we 
are entitled to. We should do much more in 
public relations than we do. Your suggestions No 
as to what, how and when will be appreciated. it f 


RESEARCH AND TECHNICAL pan 


slow 








(Continued from page 91) 


propriate technical committee. Once the task of the | H&n 
panel has been completed, the panel would be auto- | coil : 
matically discharged. Thus a panel might be required | up te 
to meet once or the task assigned might continue fora | and: 
year or more. Wins 

This pattern of panel operation has been well | Jatin 
explored and found highly satisfactory by such a }  ayaiy 
eminent group as the National Science Foundatiom |  gyiti 
As one example of a panel formed for a specific pul | plete 
pose by NSF, a group was recently brought together } Bui, 
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BEFORE YOU BUY, THINK: 


Will your air-cooled condensers sound like thunder? 


Not even from close up 
if they're by Halstead & Mitchell 


Fan noise, vibration and rattling have been engineered out 
of H&M air-cooled condensers. Deep pitch fans are run at 
slow speeds. Casings are rugged; won’t loosen with use. 


H&M condensers are completely dependable. The large 
coil and exclusive Turbu-Flo fins improve heat transfer by 
up to 15%. Fins are spaced widely to avoid clogging by dirt 
and other air-borne particles. 


Winter operation is easy, too, with H&M’s special modu- 
lating valve. Halstead & Mitchell air-cooled condensers are 
available in propeller fan or blower models. Multiple cir- 
cuiting at no extra cost. Ask your local distributor for com- 
plete information, or write to Halstead & Mitchell, Bessemer 
Building, Pittsburgh 22, Pa. 


Water-Cooled Condensers - Cooling Towers - Air-Cooled Condensers - Finned Coil Products 


H&M AIR-COOLED 


a CONDENSER 


i!) 


Halstead e Mitchell 


AMIATTIATATL! 











Use Harry Alter’s Famous 






Speciabini in 


@ Air Conditioning 
@ Refrigeration 
@ Electric Motors 
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Save money... time. . . effort . . . order everything you 
need from the most complete catalog of all. Over 10,000 
items carried in stock! Your orders filled with speed and care. 
WHOLESALE ONLY! We sell you . . . not your customers. 


AND FOR REALLY AMAZING BARGAINS... 


REG ELOLD The FLYER lists | 
SURPLUS BARGAIN hundreds of thousands 


of dollars worth of 
surplus stocks, overruns, 
closeouts, etc.,at a fraction 
of your regular cost. 


Write on your letterhead for the new DEPENDABOOK and BARGAIN FLYER. 
rder by mail or pick up from our nearest warehouse. 











THE HARRY ALTER CO., INC. 


1717 S. Wabash Ave. 
Chicago 16, Ill. 


2332 Irving Bivd. 
Dallas 7, Tex. 


695 Stewart Ave., S.W. 
Atlanta 10, Ga. 


COUNTER SERVICE 





134 Lafayette St. 
New York 13, N.Y. 


PARKING— FAST 





i FREE 








HP 


Order Form — Bulletin on 


HEAT PUMP PERFORMANCE 


| Bulletin contains 5 papers pre- 
sented at Symposium on HEAT 
PUMP PERFORMANCE (with di- 
| gest of discussions) at Philadelphia 
| Meeting, January 28, 1959. Please 
mail copies at $1.50 each, 
postpaid. | 


Enclosed is Check [_] | 
C] 


Money Order 


Mail this form to 


ASHRAE, 62 Worth St., New York 13, N. Y. 














to discuss the feasibility of the construction of the — 
large solar furnace at Holloman Air Force Base. In | 
this case, the panel advised the National Science — 
Foundation which, in turn, advised the Department _ 
of Defense. 

For ASHRAE it is planned that these panels © 
be formed to provide specific advice when necessary — 
on the acceptance or rejection of research grants, | 
for advice on research projects when this is needed, ” 
or to review the progress of a particular research 
project or area. Another example of a specific re- 
search task for which a panel might be formed could | 
ally with the development of a basic policy on ~ 
psychrometry and psychrometric charts for use at 
normal, high, or low temperatures, now all within 
the expanded regime of the Society. 

By this pattern of panels, those individuals 
best qualified for advising on a specific task and pos- 
sessing intense interest in an area can be drawn both 
from within and outside the Society. Often an ex- 
ceptionally well qualified man may not be willing to 
accept the longer range functions of committee mem- — 
ership, but may be quite willing to participate in a | 
single, important, but short-term task. ; 

This constitutes the general thinking of the 
Research annd Technical Committee at present. Some’ 
modifications are certain to be incorporated in the’ 
final plan. However, the continuing study which the 
Research and Technical Committee is undergoing 7 
now adds growing support for this general plan of © 
organization and operation. 
























2aA<-- 


and i 


, refrigeration /' 


- 











~ 


eo 
\ 






TEMPERATURE LIMITED 


BURLINGTON RD LONDON SW6 ENGLAND 
Phone: RENown 5813 (P.B.X.) Cables: TEMTUR LONDON 


LARGEST PRODUCER OF 
AIR CONDITIONING UNITS 
OUTSIDE THE U.S.A. 
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